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Summary 
 
Neck injury and pain are an increasing burden on society and they are sometimes associated 
with balance disturbances. It has been proposed that neck pain and injury result in abnormal 
somatosensory inputs from the neck and these have an impact on postural control.  
Among neck somatosensory receptors, the muscle spindles are garnering attention because of 
their high density and neural connection to vestibular nuclei.   
It has been demonstrated that neck muscle vibration induces increased postural sway in 
standing subjects or a deviation in the direction of locomotion. These studies conclude that an 
artificial increase in rate of discharge of neck spindle afferents causes the balance 
disturbances observed during postural tasks. 
However, it is also known that neck vibration induces a kinaesthetic illusion that results in a 
disturbance of the egocentric reference frame. Therefore, the observed alteration in execution 
of postural tasks might be due to an altered perceptual experience rather than changes in 
motor commands.  
If changes in neck muscle proprioceptive inputs alter motor outputs without being mediated 
by an altered reference frame, then this should be examinable by measuring changes in the 
amplitude of spinal reflexes that are the foundation of the motor control of posture. 
The tonic neck reflex (TNR) is a primitive reflex. It is suggested that the pathway of the TNR 
remains subliminally active in the adult human. A previous study has demonstrated that body-
to-head rotation modulates the amplitude of H-reflexes of the lower limb extensor muscles in 
a predictable way in the relaxed adult human, suggesting that changes in neck sensory inputs 
are responsible for the alteration in motoneuron excitability. However, it is uncertain which 
neck receptors are responsible for this phenomenon. 
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The aim of this thesis was to investigate whether activation of neck proprioceptors modulates 
1) motoneuron excitability and 2) the excitability of fusimotor neurons of lower limb muscles 
in the relaxed human. The results of these studies informed subsequent studies. The final 
study investigated the interaction between neck and vestibular inputs. 
 
The first study (Chapter 4) investigated whether an alteration in the resting discharge of neck 
muscle proprioceptors modulates H-reflex amplitude of the soleus muscle in the relaxed and 
seated human. To systematically alter resting discharge of neck muscle proprioceptors, a 
muscle conditioning procedure was applied to the left neck rotator muscles to create either a 
slack (hold-long) or tight (hold-short) state of muscle fibres.  
The results showed that there was no change in H-reflex amplitude after the two forms of 
muscle conditioning. It was considered that muscle conditioning was an inappropriate tool in 
this experimental setting since the sitting posture might be expected to be associated with 
ongoing neck muscle contraction that would counter the effect of muscle conditioning.  
 
In the second study (Chapter 5), a prolonged unilateral dorsal neck vibration was employed, 
instead of muscle conditioning. The H-reflex was recorded from the soleus muscle before, 
during, and after the vibration period. The results showed that the H-reflex evoked 
immediately after onset of vibration increased in size. This result suggested that the effect of 
neck vibration involves a certain degree of startle. Also, prolonged dorsal neck vibration did 
not potentiate the H-reflex suggesting no increase in excitability of alpha motoneurons of the 
soleus muscle.  
 
It has been suggested that vestibulospinal pathways that are a candidate pathway of the TNR 
have a connection to fusimotor neurons of the limb muscles. Therefore, the third study 
  Summary 
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(Chapter 6) investigated whether dorsal neck vibration activates fusimotor neurons of the 
soleus muscle. Hold-long conditioning was applied to the triceps surae muscles to create slack 
muscle spindles. It was hypothesised that if dorsal neck vibration activates fusimotor neurons 
of the soleus muscle, the created slack must be removed by contraction of the intrafusal fibres. 
It is known that a larger H-reflex amplitude is associated with hold-long muscle conditioning 
and a smaller H-reflex is associated with hold-short conditioning; therefore, it was proposed 
that removal of slack should result in a decrease in the H-reflex amplitude. However, no 
changes in H-reflex amplitude were observed. The explanation for this result came from other 
studies that concluded that the difference in H-reflex amplitude after muscle conditioning is 
not due to changes in muscle spindle sensitivity, but due to post activation depression induced 
by an increased rate of discharge of spindle afferents. Therefore, the next study used the 
tendon jerk instead of the H-reflex. 
 
In the fourth study (Chapter 7), the Achilles tendon jerk was evoked after first conditioning 
the triceps surae muscles as either hold-long or hold-short, during and after dorsal neck 
vibration.  
The amplitude of the hold-long tendon jerk that was evoked after neck vibration was not 
significantly different from its control. If fusimotor activation removed the slack created by 
hold-long conditioning, reflex potentiation should linger even after offset of neck vibration. 
Therefore, it was concluded that dorsal neck vibration does not activate fusimotor neurons of 
the soleus muscle. However, tendon jerk amplitude after hold-short conditioning both during 
and after neck vibration significantly increased.  
 
It is suggested that neck muscle spindle afferents shape the vestibulospinal reflex. Therefore, 
it was hypothesized that reflex excitability of the limb muscles in response to simultaneous 
vestibular activation would be systematically altered when the rate of discharge of neck 
  Summary 
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muscle proprioceptors is changed with muscle conditioning. Therefore the final study 
(Chapter 8) investigated the interaction between neck proprioceptive and vestibular inputs by 
means of static whole body tilt and dorsal neck muscle conditioning. When the body was 
horizontal, the tendon jerk and H reflex, after different dorsal neck muscle conditioning did 
not show any differences. However, when the body was tilted, tendon jerk and H-reflex 
amplitude after hold-long dorsal neck muscle conditioning significantly increased in 
comparison to hold-short conditioning It was concluded that CNS reliance on vestibular 
information for regulation of the excitability of the lower limb motoneurons changes 
depending on the quantity of input from neck proprioceptors. Also it is suggested that the 
contribution of neck muscle afferents to the regulation of the spinal reflex excitability is 
dependent on vestibular background inputs. 
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1.1 Introduction  
This study investigated the influence of changes in the quantity of dorsal neck muscle 
spindles’ discharge on motoneuron excitability of the lower limbs. Following describes the 
background of this study. 
 
1.2 Background 
It has been recognized that the impact of musculoskeletal disorders in society is growing. In 
response to this, the World Health Organization (WHO) formed and launched “Bone and 
Joint Decade 2000-2010” that was firstly initiated in Lund, Sweden in 1998 (Bjorklund, 1998, 
Hazes and Woolf, 2000, Lidgren, 2003).  It was reported that spinal pain was the second 
leading reason for sick leave in industrial countries that results in a loss of productivity. Also 
joint diseases account for half of all chronic health problems in the elderly aged over 65 years 
(Woolf, 2000, Delmas and Anderson, 2000, Lidgren, 2008). In the past, musculoskeletal 
disorders have been considered less serious in comparison to other diseases because of their 
nonfatal symptoms. However, in fact, musculoskeletal disorders have become the most 
common cause for severe long-term pain and physical disorders (Delmas and Anderson, 2000, 
Lidgren, 2008). 
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Neck pain and its associated disorders have also been recognized as a common burden and 
significant impact around the world. For instance, it was suggested that about 5 % of the 
population in North America suffer from disabling neck pain. It has also been shown that 10 
to 20 % of population suffer from chronic or persisting neck pain in Europe. Further, these 
trends are observed not only in industrial countries but also in developing countries (Lidgren, 
2008). Actually, the expenditure for the musculoskeletal disorders involving neck disorders is 
sharply rising and consume healthcare resourses throughout the world (Scott Haldeman et al., 
2008). Further, with the development of the motor industry, incidents of hospital visits due to 
whiplash-associated disorders (WAD) have grown up steadily over the past 30 years (Holm et 
al., 2009). Nowadays, neck pain after traffic accidents such as whiplash injury has become a 
common disorder. It has been reported that the annual incidence of WAD is more than 300 
persons per 100,000 in western countries (Holm et al., 2009, Carroll et al., 2009).  
 
Symptoms of WAD include neck pain and may also include dizziness and radiating pain into 
arm or upper back (Lidgren, 2008, Carroll et al., 2009). Especially, it is known that whiplash 
injury patients with neck pain may also experience balance defects (Rubin et al., 1995, 
Mallinson et al., 1996, Branstrom et al., 2001, Treleaven et al., 2005, Treleaven, 2008, Field 
et al., 2008). Patients who have experienced trauma to the neck may also experience a greater 
balance disturbance in comparison to idiopathic neck pain patients (Field et al., 2008). This 
latter group however, may also show balance difficulties (Karlberg et al., 1995a, McPartland 
et al., 1997a). It is thought that WAD results from cervical sprain or strain that is caused by 
damage to the ligaments and muscles of the neck (Treleaven, 2008, Carroll et al., 2009, Holm 
et al., 2009). For instance, direct damage to muscle and joint receptors of the neck is thought 
to cause a functional impairment of cervical somatosensory inputs (Heikkila and Astrom, 
1996, Tuo et al., 2006, Field et al., 2008). Pedersen et al. (1997) and Thunberg et al. (2001) 
showed that injection of bradykinin into neck joints – a potent pain producing chemical, into 
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neck joints altered neck muscle spindle sensitivity (Pedersen et al., 1997, Thunberg et al., 
2001). Not only WAD patients but patients who experiencing neck pain or neck muscle 
atrophy may also show postural instability (McPartland et al., 1997a). Therefore, these studies 
suggest that changes in sensory inflow of the neck that are resulted from neck pain and/or 
injury have an impact on balance. 
 
Experimental studies that have altered somatosensory inputs from the neck also support this 
proposal. For instance, DeJong (1977) showed that injection of local anesthetic into the neck 
structure induced an ataxia (DeJong et al., 1977). Also, it was shown that a vibratory stimulus 
that increases muscle spindle afferent discharge applied over the neck muscles induces 
postural sway (Lund, 1980, Rossi et al., 1985, Morizono, 1991, Koskimies et al., 1997, 
Kavounoudias et al., 1999, Yagi et al., 2000). 
 
It is agued that an impairment in postural balance in patients with these neck problems 
originates from abnormal neck sensory inputs (Treleaven et al., 2003, Schieppati et al., 
2003a).These facts strongly support the proposal that the neck sensory inputs play an 
important role in postural control. 
 
Postural control, which aligns the whole body against gravity, and coordinates movement to 
stabilize the body’s centre of mass during postural disturbance, in Human and animals, is 
based on the integration of multimodal sensory information, including somatosensory, visual 
and vestibular inputs (Pyykko et al., 1989, Horak, 2006). These sensory inputs detect the 
position and the orientation of the head and the body in relation to the direction of gravity, 
and then the central nervous system coordinates appropriate motor outputs to adjust body 
orientation against, for instance, a postural disturbance or imbalance on an unstable surface. 
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A problem for these sensory inputs is that the vestibular sensory system is not able to detect 
whole body orientation since the sensory organs are located in the skull. For instance, imagine 
the body is lying supine on a horizontal surface; meanwhile the head is tilted in the sagittal 
plane towards the vertical. The vestibular apparatus per se cannot detect body orientation 
lying on the floor when the head is bending. Meanwhile, the somatosensory inputs from the 
body itself are also not able to know where the head is located. Information from the body and 
head needs to be integrated to allow the central nerous system (CNS) to interpret whole body-
head orientation. 
 
In order to understand the importance of integration of these sensory inputs, it is firstly 
needed to clarify the role of the vestibular system and its reflex pathways. It is accepted that 
the vestibular system detects the location of the head in space. Vestibular inputs consist of 
two different kinds of signals, which are the inputs from the semicircular canals and the 
otolith organs. Semicircular signals transmit information of angular acceleration and velocity 
changes of the head. The otolith organs detect linear acceleration of the head and the direction 
of gravity acting on the head. To maintain an upright posture, these vestibular signals 
contribute to the excitability of the vestibulospinal pathways, which act to modulate 
motoneuron excitability of the antigravity muscles of the limbs. The otolith afferents are 
known to mainly contribute to these reflex pathways.  
 
Now, we can go back to the integration of sensory inputs from the head and the body. 
As mentioned above, the otolith apparatus detects information in relation to the location and 
alignment of the head in space and in relation to gravitational direction, no matter how the rest 
of the body is located relative to the head. For example, when the body is horizontal and the 
head is flexed, vestibular afferents provide information that the head is flexed in the vertical 
plane, however, the rest of the body is actually not in the vertical plane, and does not require 
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any excitation of the muscles to maintain an upright posture in this context. Therefore, this 
reflex pathway itself has a problem to provide an appropriate signal for the antigravity muscle 
of the limbs to maintain an upright posture since it lacks information of the position of the 
body trunk.  
Therefore, the information from vestibular inputs that detects gravitational information of the 
head must be integrated with additional information so as not to activate the limb muscles in 
this inappropriate situation. 
 
The neck allows us to control the head that has many sensory receptors with a large range of 
the motions so as to detect any changes of the external environments without changing whole 
body posture. Additionally, the neck itself also acts as a sensory receptor to detect the relative 
location of the head and the rest of the body. Therefore, any conflict between somatosensory 
inputs from the body trunk and the positional information of the head is linked and interpreted 
together in the CNS by means of neck proprioceptive afferents. This integration process is 
performed through either direct motor control such as through reflexes or via a cognition 
process in the CNS (Popov et al., 1996). In terms of this notion, Mittelstaedt (1997) suggested 
that the control of the body trunk by the vestibular system is performed as if the vestibular 
organ is located in the trunk due to the subtractive interaction of vestibular and neck afferents. 
 
Various studies have demonstrated that neck sensory inputs contribute to postural control. 
Previous studies investigated postural sway evoked by galvanic vestibular stimulation in 
standing Humans with different head positions (Nashner and McCollum, 1985, Fitzpatrick et 
al., 1994, Hlavacka et al., 1996). Their results showed that sway direction of subjects induced 
by a constant vestibular stimulus varied with different head positions. These results strongly 
suggest that postural control induced by vestibular signals is modulated by signals from the 
neck, and supports the notion of a vestibular - neck interaction. 
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The neck is also involved in regulation of postural reflex. A primitive reflex called the tonic 
neck reflex (TNR) was first described by Magnus and de Kleijn (1927) [as cited by (Bearzoti, 
1997)]. There are two kinds of tonic neck reflexes including the asymmetrical tonic neck 
reflex (ATNR) and the symmetrical tonic neck reflex (STNR). In the ATNR, the limbs on one 
side toward which the face is turned extend and the limbs of the opposite side flex, and vice 
versa. In the STNR, the arms extend and legs flex with extension of the neck, and the arms 
flex and the legs extend with flexion of the neck. It is suggested that this reflex is observed 
only in newborn infants and persons with brain injury, since this reflex is inhibited as the 
CNS matures (Magnus, 1924, Capute et al., 1982). It is possible to observe this reflex when it 
is released from inhibition from the CNS by a brain injury or decerebration (Mergner and 
Rosemeier, 1998)  
However, investigations have proposed that the activity of the neural pathway might 
subliminally remain active even in adults (Le Pellec and Maton, 1996, Rossi et al., 1987, 
Aiello et al., 1992, Traccis et al., 1987). These observations support the proposal that TNR 
may even act in the intact adult Human when a very fast reaction is required (Fukuda, 1961, 
Mergner and Rosemeier, 1998). 
 
For instance, Traccis et al. (1987) investigated the influence of static body-to-head rotation 
with a stabilized head on the motoneuron excitability of the soleus muscle which was deduced 
from changes in the amplitude of the Hoffman’s reflex (H-reflex, See the Chapter 3). They 
observed a linear relationship between the degree of body rotation relative to the stabilized 
head and the changes in the amplitude of the spinal reflex that accords with the pattern of the 
TNR. This result suggests that neck rotation itself independently modulates the excitability of 
the lower limb motoneurons in the relaxed and intact Human, and supported the possibility 
that the neural pathway of the TNR still remains in the mature adult.  
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Spinal reflexes, such as the H-reflex can be used as a tool to indicate the level of excitability 
of alpha motoneurons which are the final common pathways that achieves control of body 
position and movement. Further, the spinal reflexes are considered the fundamental building 
blocks of postural control. Therefore, the study of Traccis et al. (1987) is important because it 
suggests that neck sensory signals have an impact on postural regulation in Humans. 
 
However, it is still unclear what sensory signals are responsible for the changes in lower 
motoneuron excitability in these studies. For instance in Traccis et al. (1987), the body to 
head rotation presumably activates several somatosensory receptors at the same time such as 
muscle spindles, cutaneous and joint receptors. Therefore, what neck receptor the TNR 
originates from is still unknown. 
 
Animal studies are helpful in this regard and they suggest a candidate neck receptor that 
influences the vestibular system and in turn, postural control. It is suggested that the muscle 
spindles of the neck muscles have a neural connection with the vestibular nuclei (Hirai et al., 
1984, Wilson, 1991, Matsushita et al., 1995, Thomson et al., 1996b, Sato et al., 1997b, 
Manzoni et al., 2004). As mentioned above, the vestibulospinal pathway, originating in the 
vestibular nuclei, regulates the upright posture by sending excitatory signals to the extensor 
muscles of all spinal levels. If the vestibular system is receiving information from neck 
muscle spindles that detect head movement and the relative location of the head and the rest 
of body, modulation of the resting discharge of the neck muscle spindles may have an impact 
on the lower motoneurons excitability through vestibulospinal pathways, and as a 
consequence, postural control. 
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This thesis aimed to study the effect of modulation of the neck muscle spindle afferents on the 
amplitude of spinal reflex in relaxed Human. To confirm that the inputs from the neck muscle 
spindles contributes to lower motoneuron excitability in the intact adult Human, the first study 
employed a muscle conditioning technique that was developed by Proske’s group (See 
Chapter 3, Proske, 1993 for review). This technique is thought to be capable of modulating 
the resting discharge of muscle spindle afferents by changing the length and contraction 
history of the muscle, without changing test muscle length and joint position. This thesis used 
muscle conditioning as a tool to systematically alter proprioceptive inputs from the neck 
muscles to as a way to examine the role of neck muscle proprioceptors in the reflex regulation 
of posture.  
As mentioned above, the spinal reflexes can be used as a tool to measure the excitability of 
final common pathways, two kinds of spinal reflexes; the Hoffman’s reflex and tendon jerk 
were employed in this study. 
The aim of this thesis was to investigate the mechanism of influence of the neck muscle 
spindles on the motoneuron excitability of lower limb muscles and postural control, in turn, to 
find a way to manage a postural imbalance that is observed in cervical injury patients. 
 
1.3 Objectives of this study 
From clinical perspective, as it was mentioned above, it was suggested that a disturbance of 
neck proprioceptive inputs causes postural imbalance in neck injured patients. It was 
hypothesised that the changes in muscle spindle afferents from the neck muscles modulate 
control of limb muscles. The aim of this thesis was to investigate whether change in amount 
of afferents from neck muscle spindles alter the motoneuron excitability of the lower limb 
extensor muscles that is involved in postural control, when the subject was not performing 
postural task.  
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In the first experiment, it was hypothesised that changes in the resting discharge of the dorsal 
neck muscle spindles induced by muscle conditioning of the dorsal neck muscles influence 
the excitability of spinal reflexes of the lower limb muscles in the relaxed and seated Human. 
This experiment was carried out to reproduce the Traccis et al. (1987) study using the muscle 
conditioning technique directed to the neck rotator muscles instead of using static body to 
head rotation. If neck muscle spindles are the candidate receptor that that is responsible for 
modulation of spinal reflex excitability of the lower limb as Traccis et al. (1987) observed, the 
muscle conditioning technique should reproduce a similar result to that of the study of Traccis 
et al. (1987).  
 
The second study used a vibratory stimulus (see Chapter 3) instead of the muscle conditioning 
technique. The aim of this experiment was to investigate whether increased dorsal neck Ia 
afferent activated by a vibratory stimulus can modulate lower motoneuron excitability. 
 
The third study was carried out to investigate whether fusimotor neurons of the lower limb are 
activated by the dorsal neck vibratory stimulus. The fusimotor neurons’ activation was 
deduced by changes in the amplitude of the H-reflex that was previously conditioned to leave 
the muscle spindles’ sensitivity slack or tight using the muscle conditioning technique. The 
amplitude of the H-reflex depends on the muscle conditioning state. For instance, the H-reflex 
becomes larger with muscle conditioning that creates slack muscle spindles; on the other hand, 
the H-reflex amplitude becomes smaller after muscle conditioning that leaves muscle 
spindles’ sensitivity tight. Therefore, it was assumed that the H-reflex amplitude in muscles 
conditioned slack should be diminished after activation of the fusimotor neurons because 
activation of the fusimotor neurons should remove the slack of muscle spindles. If dorsal neck 
vibration causes an increase of the resting discharge of triceps surae muscle spindle afferents 
by activating fusimotor neurons, the increased Ia afferent discharge that this induces is 
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postulated to cause post activation depression at the pre-synaptic central terminal of the Ia 
afferent fibres. This is considered to be responsible for the reduction in amplitude of the H-
reflex after hold-short muscle conditioning (Gregory et al. 1990; Hultborn et al. 1996; Wood 
et al. 1996; Gregory et al. 1998). 
 
The fourth study was performed to investigate whether the size of the tendon jerk reflex that 
is modulated during and after a dorsal neck vibratory stimulus. The pathway of the tendon 
jerk involves the muscle spindles, therefore it was expected that changes in muscle spindle 
sensitivity to the triceps surae muscles was better reflected in the tendon jerk than the H-reflex. 
If the neck stimulus influences fusimotor neuron excitability of the limb muscles, size of the 
tendon jerk would remain high even after the offset of the neck stimulus. 
 
The last experiment was carried out to investigate whether a systematic alteration in 
proprioceptive inputs from the dorsal neck muscles have a different effect on lower limb 
motoneurons excitability under different vestibular loading states. If vestibular inputs 
combine with the neck afferents to regulate motoneurons excitability of the lower limbs, then 
the level of reflex excitability in response to static whole body tilt should be dependent on the 
inputs from the dorsal neck muscles. 
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2.1 Introduction  
In this Chapter, the literature review is presented. First, fundamental aspects of posture and 
the somatosensory system are described. The role of the neck in postural control is also 
explored. Muscle conditioning is a technique that has been used to systematically alter the 
mechanical sensitivity of muscle spindles. The thesis describes the history of its development 
and then how it may be used as a tool to manipulate the rate of resting discharge of muscle 
proprioceptive afferents in the neck. Then detail of the muscle conditioning procedure that 
systematically alters the mechanical sensitivity of muscle spindles is discussed. Also, details 
of neck sensory inputs are described. Finally, the research hypotheses that have been 
developed in the context of the literature are stated. 
 
2.2 Postural control 
 
     2.2.1 History of research on postural control 
The study of postural control began about a century ago. Sherrington (1910) first described 
studies using the decerebrate cat to study the behaviour of spinal reflexes released from the 
control of higher brain centres. They created decerebrate rigidity in animals by sectioning 
between the superior and the inferior colliculi of the brain stem. In this state, the antigravity 
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muscles are maintained in a contracted state. This muscle contraction is strong enough to 
allow an animal to remain standing without support. However, once sensory signals are 
blocked by severing the dorsal roots, the contraction of the extensor muscles dramatically 
attenuates. It was argued that spinal reflexes are important for the control of posture and 
locomotion (Sherrington, 1910). 
Later, Magnus (1924) observed a hierarchy of automated responses to postural disturbances. 
His study introduced several reflexes including the tonic neck reflexes and righting reflexes. 
Magnus suggested, and it was also once believed, that the postural control is a summation of 
these reflexes triggered by vestibular or somatosensory inputs (Kandel et al., 2000, Horak, 
2006). 
 
It has been considered that the stretch reflex is an automatic myotatic response to the stretch 
of the muscles. However, Hammond (1956) observed a very small component of the stretch 
reflex, and 60-80 ms later, a larger response with a relatively long latency when a subject was 
instructed to resist the stretch force (Hammond et al., 1956).  
Nashner and his group observed the activation pattern of leg muscles during postural 
responses in Human subjects using an anterior-posterior disturbance of a specifically designed 
two degree-of-freedom platform. They also concluded that although the stretch reflex exists at 
a latency of 40-50 ms, its effect was never significant (Nashner, 1976)   
A longer latency response occurred with similar effect as the classical stretch reflex, and was 
called the “functional stretch reflex”. Due to the longer latency compared with the stretch 
reflex, it was suggested that the functional stretch reflex involves pathways other than the 
monosynaptic pathway and might include the cerebellum (Nashner, 1976, Nashner, 1977).  
Nashner (1976) found that the FSR sometimes can be of advantage and sometimes 
disadvantageous to stabilize posture since its behaviour depends on a pre-programmed 
postural “set” or pattern. Therefore, if an unexpected postural disturbance occurs, and if the 
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FSR is inappropriate for this disturbance, the consequence of the FSR may be to increase 
postural sway. Nashner et al. (1976) also found that the FSR adapts its behaviour to be most 
appropriate for stabilization following repeated exposure to the perturbation. In their study, 
subjects stood on a platform that could rotate in the sagittal plane. If the platform was 
suddenly rotated in the direction of toes up, the calf muscles were stretched. The response to 
this stretch of the calf muscles is a reflex contraction. However, this muscle response is 
inappropriate for body stabilization against this postural perturbation. Their finding was that 
after four repetitive exposures to this perturbation the result was a diminution of the FSR 
response and a more adapted response to the induced postural disturbance (Nashner, 1976). 
This study suggests that this reflex-like response is under the regulation of the CNS and may 
be modified by a pre-established anticipation model of disturbances.  
 
Therefore, Nashner (1979) threw doubt on the role of stereotyped stretch reflexes on the 
control of body stabilization (Nashner, 1979). To support the body against postural 
disturbances, feedback systems such as the FSR that is triggered by changes in sensory inputs 
are necessary. However, these feedback systems are not stereotyped, but under the regulation 
of the CNS, and are modulated by feedforward or anticipatory mechanisms that are learned by 
postural experiences.  
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    2.2.2 Vestibular reflexes 
Even in the absence of a disturbance to the vertically aligned posture, Humans must maintain 
head and body alignment with respect to the pulling force of gravity on earth.  To maintain 
body alignment, Humans rely on vestibular and neck reflexes, firstly identified by Magnus.  
Magnus and DeKlejin (1924) [cited by (Tokizane et al. 1951)] showed that changes in muscle 
tone of the four limbs occurs in decerebrate animals, infants and in brain injury patients when 
the head is rotated in space (Tokizane et al. 1951). However, more recent studies suggest that 
this reflex exists even in healthy Humans (Welgampola and Colebatch 2001; Knikou and 
Rymer 2003; Kennedy et al. 2004a). 
 
        2.2.2.1 Vestibular reflexes 
The vestibular system detects movement and position of the head in space. This information 
is acquired from the vestibular apparatus and is used fundamentally to inform the CNS of 
where the head is in space, and in consequence, stabilize the position of the head and body 
(Guitton et al. 1986; Horak et al. 1994).  
Vestibular information also contributes to oculomotor control during changes in head position 
(vestibulo-ocular reflex) (Barnes 1980; Leigh and Zee 1999). Cranial nerves 3, 4 and 6 
control the eye muscles; however, vestibular information is used to position the eyes in 
concert with head movement. In turn, this allows gaze to be stabilised during movements or 
head displacements (Pozzo et al. 1990). 
Also, vestibular signals evoked by head rotation or whole body rotation induce a 
compensatory counter-rotation response of the neck to stabilize the position of the head, and 
thereby gaze in space (Vestibulocollic reflex) (Wilson and Schor 1999).  
Another important role of vestibular reflexes is to control body orientation, mainly by 
contracting the extensor muscles of the limbs. Changes in vestibular inputs evoke postural 
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reflexes in the extensor muscles of the limbs and also the trunk to align the body against 
gravity (Inglis et al., 1995, Grillner et al., 1970a, Shapovalov et al., 1967).  It is suggested that 
descending vestibulospinal pathways provide a large part of the excitatory drive to the 
extensor muscles that maintain postural stability (Grillner et al. 1970; Wilson and Peterson 
1981; Matsuyama and Drew 2000). This reflex, called the vestibulospinal reflex, is used to 
prepare and resist the falling of the whole body. Signals from the vestibular apparatus, 
activated by falling from a height evoke gastrocnemius muscle activation at a latency of  74.2 
ms (Jones and Watt 1971) and the soleus muscles at a latency of 81.6ms (Greenwood and 
Hopkins 1976)[cited by  (Kennedy et al. 2004)]. 
When the head of decerebrate animals as well as intact Humans is tilted 45 degrees from the 
supine position in the direction of head down, extensor tone is increased. Conversely, when 
the head is tilted 45 degrees from the prone position in the direction of head down, extensor 
muscle tone is decreased (Tokizane et al. 1951). The main contributor to the vestibular signals 
used for this postural reflex are the otolith organs that detect linear acceleration of the head 
and the direction of gravity acting on the head (Suzuki et al. 1985).  
Major vestibular related reflexes are summarized in table 2.1. 
 
Vestibulocollic 
reflex 
This reflex acts to maintain the head fixed in space by receiving stimulation of 
both otolith organs and semicircular canals. When the whole body is rotated and 
the head is free to counter-rotate, this reflex restores the original head position by 
contracting the neck rotator muscles towards the opposite side of body rotation. 
Vestibulo-ocular 
reflex 
Neurons in the medial nucleus and superior nucleus predominantly receive 
semicircular signals that contribute to vestibulo-ocular reflexes.  
The general purpose of this reflex is to keep vision stable by stabilising the eyes 
during head movement. 
 Rotational 
vestibulo-ocular 
reflex 
Eye movements that compensate for head rotation. When the semicircular canals 
detect head rotation, signals arising from the semicircular canals pass via the 
medial longitudinal fasciculus to the external ocular muscles to rotate the eyes 
opposite to the direction of head rotation. 
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 Translational 
vestibulo-ocular 
reflex 
Eye movements that compensates for linear head movement. Neurons controlling 
extra-ocular muscles predominantly receive otolith signals that reflexly activate 
extraocular muscles to move the eyes opposite to the direction of head 
movement. 
 Ocular counter-
rolling response 
Eye movements that compensates for head tilt movement in the vertical plane by 
predominantly receiving otolith signals that reflexly activate extraocular muscles 
to move the eyes opposite to the direction of tilt.  
Vestibulospinal 
Reflex 
Neurons in the lateral vestibular nucleus predominantly receive otolith signals 
that contribute to the vestibulospinal reflex through the lateral vestibulospinal 
pathway.  
Also, descending vestibular nuclei receive mainly otolith signals, and project to 
the cerebellum, reticular formation, contralateral vestibular nuclei and spinal 
cord. 
This reflex is concerned with activation of limb extensor muscles that support 
the upright posture. 
 Righting reflex 
(Vestibular 
placing reaction) 
This reflex tends to restore an altered position of the head and body. This occurs 
when an animals falls. Otolith organs detect changes in the gravitational force 
acting on the head, leading to an excitation of forelimb extensor motoneurons in 
preparation for landing. 
Table 2.1. Vestibular initiated reflexes. 
This table shows vestibular initiated reflexes. The sensory inputs to the vestibular nuclei result in 
postural adjustments and eye movements. Vestibular neurons produce a tonic signal in the steady 
state with phasic fluctuations in the frequency of the signal during head movement. Once head 
movement occurs, it is detected by the vestibular apparatus. Vestibular signals then travel to the 
ipsilateral vestibular nuclei through the ipsilateral vestibular ganglion. Different vestibular nuclei 
(medial, lateral, superior and descending) receive different vestibular signals (Kandel et al. 2000; 
Stein and Stoodley 2006).  
 
        2.2.2.2 The Physiological underpinning of the vestibulospinal 
reflex  
Among the above reflexes, the vestibulospinal reflex has a key role in this thesis. This section 
explains the physiological mechanism of the vestibulospinal reflex. 
The relay centre of sensory inputs from the vestibular organs and the motor output to the 
postural extensor muscles of the vestibulospinal reflex are the vestibular nuclei in the caudal 
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brainstem (Schor and Miller 1982; Highstein and McCrea 1988; Berthoz 1989; Wilson 1991; 
Vibert et al. 1997). 
Vestibular inputs travel to the ipsilateral vestibular nuclei through the vestibular nerve. The 
vestibular nuclei consist of four major nuclei, including the superior, lateral, medial and 
descending vestibular nuclei.  
Each vestibular nucleus receives different inputs from the vestibular apparatus. The lateral 
vestibular nuclei receive both semicircular and otolith inputs, but mainly from the otolith, and 
outputs from these nuclei then project to the lateral vestibulospinal tract (Gacek and Lyon 
1974)[cited by (Kandel et al. 2000)]. This pathway monosynaptically and polysynaptically 
connects to motoneurons of the limb muscles (Wilson and Yoshida 1968; Grillner et al. 1970; 
Manzoni 1988; Pompeiano 1988; Haines et al. 2006; Mochizuki et al. 2006).  
The superior and medial vestibular nuclei receive afferent inputs mainly from the semicircular 
canals that detect angular acceleration of the head. The medial vestibular nuclei also project to 
the medial vestibulospinal pathway that connects to the cervical motoneurons. It is suggested 
that this pathway makes monosynaptic connections with cervical motoneurons (Grande et al. 
2005). The descending vestibular nuclei mainly receive otolith afferents, and these then 
connect to the cerebellum and reticular formation (Gacek and Lyon 1974) cited by Kandel, 
2000).  
Also, each vestibular nucleus except the superior vestibular nuclei have commissural 
connections with contralateral vestibular nuclei (Bai et al. 2002). 
    
        2.2.2.3 Experimentally evoked Vestibulospinal reflexes modulate 
motoneuron excitability of the lower limb extensors of humans 
Artificial or electrical stimulation of the vestibular apparatus results in excitation of lower 
limb motoneurons.  
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Coates (1973) showed that a percutaneous electrical stimulus delivered to the vestibular 
nerves, called the galvanic vestibular stimulus (GVS), can evoke postural sway in standing 
Human subjects. To evoke the GVS, electrodes are normally placed over both mastoid 
processes so that an electric current can pass between both vestibular nerves. It is suggested 
that the direction of sway depends on the polarity of the electrodes, so that subjects sway 
towards the direction of the anode when the electrical stimulus is applied (Coats 1973).  
 
In later years, Fitzpatrick et al. (1994) investigated the effect of a GVS on the electrical 
activity of the anterior tibialis and the soleus muscles in standing and sitting subjects. They 
found that the GVS in standing subjects evokes muscle responses of the lower limb muscles 
with a short (56 ms) and middle (105 ms) latency. These muscle responses were followed by 
a prolonged body sway with its peak at approximately two seconds after the stimulus.  
The short and middle latency responses were too small to induce a prolonged sway, therefore 
it was suggested that the prolonged latency response is not attributable to the short and middle 
latency responses. These short and middle responses were thought to be of vestibular origin 
since the latency was similar to the response to a rapid postural perturbation (55-74 ms 
latency) (Jones and Watt 1971; Nashner 1976) and to a GVS (62 and 115 ms) (Britton et al. 
1993). These vestibular evoked responses were modified during different postural tasks and 
could not be observed in a sitting posture or standing with the subject’s body supported, even 
if the subject performed muscle contractions in the same manner as occurs during standing. 
Therefore it was suggested that the postural context and the relative importance of vestibular 
cues in maintaining posture modulates the amplitude of these short and middle latency 
responses. Additionally, these small responses were followed by a larger and prolonged body 
sway. These same authors found that freely standing subjects who sway in response to a 
galvanic vestibular stimulus perceive themselves to remain aligned with gravity. On the other 
hand, when the body was supported during standing to prevent actual sway, subjects felt an 
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illusion of body sway in the opposite direction of the sway which was originally induced. 
Therefore, Fitzpatrick et al. concluded that the prolonged body sway evoked by the GVS in 
standing subjects was a reaction to the postural illusory movement of the body in the opposite 
direction that was induced by changes in vestibular inputs induced by the GVS (Fitzpatrick et 
al. 1994). Another experiment by this same group with walking subjects showed similar 
results. Subjects who tried to walk straight towards a previously seen target systematically 
deviated towards the side of the anode electrode, similar to the response that was observed in 
standing subjects. They concluded that the disturbed perception of the location of  the target 
and therefore, the direction the subject walked that was altered by the galvanic vestibular 
stimulus resulted in subjects unable to walk in a straight line (Fitzpatrick et al. 1999).  
Inglis et al. (1995) who investigated the postural response of standing subjects to a galvanic 
vestibular stimulus and platform translations found that the galvanic vestibular stimulus 
resulted in only small changes in the initial peak centre of pressure velocity (~200 ms), but a 
significant late response (1.5-2.5 seconds later) in centre of pressure position and the final 
equilibrium position. They concluded that the galvanic current influenced the subject’s 
internal estimate of the direction of the force of gravity. 
The above studies led to the development of the hypothesis that vestibular stimulation alters 
the body’s internal reference of vertical that provides the direction of upright allowing the 
body to realign itself during the performance of postural tasks (Inglis et al. 1995; Hlavacka et 
al. 1996). 
 
Later, Kennedy and Inglis (2001) investigated the effect of GVS on the soleus H-reflex in the 
prone and relaxed Human. The electrode for the galvanic stimulus was placed over the right 
mastoid process and the other electrode was positioned over the wrist. The H-reflex was 
recorded from the right soleus muscle in response to the galvanic stimulus delivered at 
varying times before evoking the H-reflex. H-reflex amplitude increased when the cathodal 
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stimulus was applied over the mastoid process. Conversely, H-reflex amplitude decreased 
with an anodal stimulus. The largest difference in reflex size was observed when the H-reflex 
was evoked 100 ms after delivery of the galvanic stimulus. This finding suggested that 
galvanic stimulation activated the vestibulospinal pathway. This study result suggested that it 
is possible to evoke a response in relaxed muscles that are not posturally engaged (Kennedy 
and Inglis 2001). In an animal study, it was shown that the firing frequency of the vestibular 
nerve decreases when an anodal galvanic stimulus was applied, and it increases with a 
cathodal stimulus (Goldberg et al. 1984; Minor and Goldberg 1991). Therefore, it was 
suggested that an increased discharge of vestibular afferents results in an increased 
motoneuron excitability of the ipsilateral soleus muscle, and that a reduction of vestibular 
afferents results in a decrease in motoneuron excitability of the ipsilateral soleus muscle. This 
galvanically evoked motoneuron excitation with short latency in relaxed Humans suggests 
that changes in vestibular inputs result in activation of vestibulospinal pathways, and 
consequently, modulation of motoneuron excitability of lower extensor muscles without 
involving an alteration of the internal reference of the gravity that was suggested by previous 
studies (Popov et al. 1986; Inglis et al. 1995; Hlavacka et al. 1996). 
It has also  been shown that natural vestibular stimuli such as static whole body tilt can 
modify H-reflex amplitude in the relaxed Human (Knikou and Rymer 2003). In the supine 
subject secured to a tilt table, the H-reflex was evoked two minutes after different degrees of 
whole body tilt. The amplitude of the H-reflex was significantly facilitated with tilt degrees of 
10, 20, 40, 60, 90, -50 and -20. When the H-reflex was evoked during the tilt motion, the 
amplitude of the H-reflex also increased. 
 
To sum up the matter, it is suggested that changes in vestibular signals induced either 
artificially or naturally can modify motoneuron excitability of the extensor muscles of the 
lower limbs. Postural sway or changes in the outcome of a pre-determined motor task with a 
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concurrent, artificial vestibular stimulus (i.e. Coats, 1973, Fitzpatrick et al. 1994) do not 
support the hypothesis that this occurs primarily by activation of a vestibulospinal reflex. The 
vestibular stimulus is thought to alter the internal reference frame that serves as the guideline 
for voluntary motor tasks. However, studies in the relaxed state show that the vestibulospinal 
reflex remains present in Humans and can modify motoneuron excitability (Kennedy and 
Inglis, 2001, Knikou and Rymer, 2003).  
  
 
    2.2.3 Neck reflexes 
 
        2.2.3.1 General aspects of the tonic neck reflex 
The tonic neck reflex (TNR) was first described by Magnus and De Klejin (1924). This reflex 
is considered a primitive reflex and disappears several months after birth (Capute et al., 1982). 
However, it can be observed in brain injury patients.  
Changes in head position are associated with movement of the limbs in a predictable way. 
Generally, there are two types of TNR patterns.  
 
The first is the asymmetric tonic neck reflex (ATNR) that is triggered by head rotation or 
bending towards one side. Head rotation evokes contraction of the extensor muscles in the 
upper limb and lower limb on the side of the body toward which the head is rotated or bent.  
The other pattern of the TNR is the symmetric tonic neck reflex (STNR). This is triggered by 
bending the neck in the sagittal plane. When the neck is bent backwards, the tone of the 
extensor muscles of the arms and the legs increases. Meanwhile, bending the neck forward 
results in flexion of the arms and legs.  
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Interestingly, it is suggested that the pattern of the STNR is different in animals. When the 
neck is bent backwards, the forelimbs extend and the hindlimbs flex. Bending the neck 
forward induces flexion of the forelimbs and extension of the hindlimbs (Tokizane, 1951). 
  
        2.2.3.2 Lingering effect of the TNR in the adult Human 
Even though it has been proposed that this reflex can be seen only in infants, in latter years, 
some studies have suggested that the TNR subliminally remains even in the healthy adult 
Human (Tokizane et al., 1951, Ikai, 1950, Ikai, 1951, Fukuda, 1961, Traccis et al., 1987, 
Aiello et al., 1992).  For instance, Traccis et al. (1987) investigated the effect of body rotation 
with respect to the stabilized head on spinal reflex excitability of the lower limb muscles. In 
their study, subjects were seated on a rotating chair with their head fixed in space so that the 
rest of the body could be passively rotated without any positional changes of the head. The 
Hoffman reflex (H-reflex, See Chapter 3), that provides an indication of the excitability of 
motoneurons, was recorded from the right soleus muscle, two minutes after rotation of the 
body. Their results showed that the amplitude of the H-reflex increased when the body was 
rotated towards the side opposite to the recording side. Meanwhile the H-reflex decreased 
when the body was rotated towards the recording side. Changes in amplitude of the H-reflex 
were associated with changes in the degree of body rotation and showed a linear relationship 
(Traccis et al., 1987). The pattern of facilitation and attenuation of the H-reflex with body-to-
head rotation observed in their study was consistent with the ATNR pattern first desribed by 
Magnus and DeKleijin (Magnus, 1924) [as cited by (Bearzoti, 1997)]. This study suggests 
that the neural pathways of the ATNR still linger even in the healthy adult Human. 
 
Further support for the proposal that neural pathways of the TNR are present in the adult 
comes from the study by Fukuda (1961). He suggested that the pattern of the TNR is reflected 
in the form seen in well-trained athletes and dancers, suggesting the existence of the potential 
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neural pathway of the TNR in the healthy adult Human (Fukuda, 1961). He suggested that the 
TNR subliminally remains also in adult Humans, and is used to increase the efficiency of 
movement when people attempt maximal performance.  
 
        2.2.3.3 Possible candidate receptor for the TNR 
Even though the studies introduced in the above section suggested that the TNR subliminally 
remains in the healthy adult Human (Ikai, 1950, Tokizane et al., 1951, Ikai, 1951, Fukuda, 
1961, Traccis et al., 1987, Aiello et al., 1992), it is not clear what neck receptor is the 
candidate for this phenomenon. 
It was suggested that cutaneous receptors should be excluded as the candidate receptors of the 
TNR since it has been shown that removal of the neck skin has no effect on the tonic neck 
reflex (Ezure and Wilson, 1983). It was suggested that the candidate receptor is likely the 
muscle spindles in the neck muscles (Richmond and Bakker, 1982) and also perhaps the 
cervical joint receptors (Suzuki et al., 1985). However, the origin receptors of this reflex 
cannot be clarified from their results, and it has not been identified clearly.  
 
    2.3 Somatic sensation 
Somatic sensation consists of a number of modalities that arise from different receptors, such 
as pain sensation from nociceptors, the sense of temperature from thermal receptors, the 
sensation of touch and pressure stimuli, and a deep sensation that arises from receptors 
located in muscle and tendon. Because of the accurate correspondence between the 
peripheral receptors of somatic sensation and the somatosensory area in the cerebral cortex, 
the CNS is able to detect not only the type of stimulus but also which site of the body is 
stimulated. 
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The afferent fibres from the sensory receptors connect to neurons in the dorsal horn of the 
spinal cord. From here, afferent impulses project to the somatosensory area through the 
thalamus. 
This thesis focused on muscle spindles that sense changes in length and the velocity of 
length change in muscles. In the next section, general information and the detail of muscle 
spindles will be described. 
 
    2.3.1 Muscle spindles - structure and innervation 
Muscle spindles are located in skeletal muscles. Model of a muscle spindle is shown in 
Figure.2.1. Their function is to detect change in length and the velocity of length change in 
muscles. Muscle spindles are spindle shaped receptors that consist of intrafusal muscle fibres 
innervated by both afferent and efferent nerves. The muscle spindles are located within the 
muscle in parallel with extrafusal muscle fibres. The diameter of the muscle spindle is about 
100 µm. The length of the muscle spindle is up to 10 mm (Berne et al., 2004).Muscle 
spindles consist of intrafusal fibres that are encapsulated within a connective tissue 
membrane. The gap between intrafusal fibres and the membrane capsule is filled with lymph 
fluid. The muscle spindles lie parallel to, and between the extrafusal muscle fibres. The distal 
ends of the muscle spindles are attached to the endomysium - that is the connective tissue 
within the muscle (Berne et al., 2004).  
Intrafusal fibres are thinner than extrafusal fibres; therefore they are unable to contribute to 
generate muscle contraction power. The muscle spindle contains three kinds of intrafusal 
fibres, which are nuclear bag1 fibres, nuclear bag2 fibres, and nuclear chain fibres. The nuclei 
within bag fibres are bunched together in the central region of the fibres. On the other hand, 
the chain fibres have their nuclei aligned in a single line.  
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The innervation of muscle spindles is complex. Group Ia afferents arise from all three types 
of intrafusal fibres. These Ia endings are the primary sensory endings located in the central 
region of the intrafusal fibres. Group II sensory fibres arise from secondary endings located 
at the juxtaequatorial region of nuclear chain and nuclear bag2 fibres. Not only sensory 
afferent nerves, but also motor fibres innervate the intrafusal fibres. The motor fibres are 
called fusimotor or gamma fibres. Fusimotor fibres are of two types including, dynamic and 
static fusimotor fibres. Dynamic fusimotor fibres innervate only bag1 fibres, and static 
fusimotor fibres innervate bag2 and chain fibres. The diameter of these fusimotor fibres is 
smaller than α motor fibres, therefore they conduct more slowly. There are also 
skeletofusimotor fibres (beta fibres) that diverge from alpha motoneurons and innervate 
intrafusal fibres. These beta fibres contribute to alpha-gamma coactivation and are found in 
both animals and humans (Kandel et al., 2000). 
The Ia and II secondary fibres convey different information to the CNS. The reason for this 
difference derives primarily from differences in the structure between bag and chain fibres. 
The nuclei of bag fibres are located in the central region of the fibres as described above. 
This region does not contain contractile proteins. Therefore, when the muscle spindle fibres 
are stretched, only the mid regions of the bag fibres that the primary ending nerve fibres coil 
around are stretched. However, because of the viscoelastic property of the intrafusal fibres 
that is called “creep”, the stretched region of the bag fibres gradually returns to its original 
length. This causes a rapid increase in the firing rate of the primary endings during phasic 
muscle stretch and a decline in firing when the muscle reaches a new stable length. On the 
other hand, as the secondary endings are located at the juxtaequatorial region of the 
intrafusal fibres that have contractile proteins, they exhibit more consistent changes in firing 
rate in proportion to the absolute length of the muscles (Boyd, 1976, Honma, 1976, Berne et 
al., 2004). 
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The membrane of the sensory endings that coil around the intrafusal fibres has stretch 
sensitive ionic channels and cytoskeletal strands connecting those ion channels. When the 
muscle spindles are stretched, mechanical deformation of the sensory ending’s nerve 
membrane occurs. This causes the cation-selective ion channels to open and increases the ion 
conductance that depolarizes the receptors. The increase in cellular concentration of Na+ and 
Ca2+ results in depolarization of the nerve endings, which in turn, generates an action 
potential in the muscle spindle afferent fibres (Sachs, 1992). Thus, the generated potentials 
of the nerve endings are dependent on the intensity of the mechanical stimulus. When the 
mechanical stimulus ceases, the ion channels close.  
 
The information from the muscle spindles is conducted to the dorsal horn of the spinal cord 
and then to higher centres of the CNS through myelinated sensory nerve fibres. The axons of 
the primary neurons connect to second order neurons at the dorsal column nucleus. They 
ascend the spinal cord through the dorsal column. This information is coded and interpreted 
as a sensation of change in muscle length and velocity of length change in muscle length that 
provides, for instance, position sense of the limbs that will be described in the next section. 
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Figure. 2.1 Model of a muscle spindle 
This diagram is a model of the muscle spindle. Muscle spindles are small and fusiformed encapsulated sensory 
receptors that detect changes in the length and velocity of muscles. Major components of the muscle spindle are 
the intrafusal fibres. Intrafusal fibres are divided into three types: nuclear bag1 fibres which is also referred as 
dynamic nuclear bag fibres, nuclear bag2 fibres which is also referred as static nuclear bag fibres, and nuclear 
chain fibres. Normally, each muscle spindle in skeletal muscles contains two or three bag fibres and variable 
numbers of chain fibres - ordinarily five. Large-diameter myelinated sensory fibres (Group Ia afferent fibres, 
orange line in figure) innervate and spiral around the central region of all intrafusal fibres (Primary sensory 
ending). Small-diameter myelinated sensory fibres (Group II afferent fibres, green line in figure) are suited at the 
juxta-equatorial region of the nuclear bag2 and chain fibres (Secondary sensory ending). Since the muscle 
spindles are aligned in parallel to the extrafusal muscle fibres, the muscle spindles are stretched as the extrafusal 
muscle fibres are stretched. As a consequence, above sensory endings are also stretched when the muscles are 
stretched which increases their firing rate. The polar regions of all intrafusal fibres contain contractile proteins 
(myofilaments) and extend beyond the capsule of the muscle spindle. When extrafusal muscle fibres contract, 
intrafusal fibres also contract by activation of γ motoneurons (fusimotor neurons). Contraction of the intrafusal 
fibres stretched the central region of the intrafusal fibres increasing the sensitivity of the sensory endings. 
Gamma motoneurons are divided into two groups, static γ motoneurons (light blue line in figure) that innervate 
the polar contractile regions of the nuclear bag2 and the chain fibres, and dynamic γ motoneurons (dark blue line 
in figures) that innervate the polar contractile regions of nuclear bag1 fibres. Activity of the static γ motoneurons 
maintains the tonic sensitivity of intrafusal fibres and prevents muscle spindle afferents from falling silent when 
muscles are shortened. Increase of firing rate of dynamic γ motoneurons increases dynamic sensitivity of the 
primary sensory ending which is highly sensitive to velocity of muscle stretch, but has no effect on the secondary 
endings. (Kandel et al., 2000). See 2.3.1 and 2.3.2 for details. 
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    2.3.2 Sensation of muscle length 
Muscle spindles detect changes in the length and velocity of length change of muscles. 
Basically, all primary and secondary endings can detect the steady state length of the muscle. 
The firing rate of muscle spindles increases in proportion to the absolute length of the muscle. 
Primary endings, furthermore, can detect the velocity of length change in muscle. Their firing 
rate dramatically increases at the beginning of a stretch phase (initial burst), and decreases 
when the muscle assumes a new resting length.  
The sensitivity of muscle spindles to length change is adjusted by the fusimotor neurons. 
Activity of the dynamic fusimotor fibres increases the sensitivity of the bag1 fibres to detect 
the velocity of muscle length change. Static fusimotor neurons can tonically increase the 
sensitivity of both bag2 and chain fibres. When a voluntary muscle contraction occurs, not 
only α motoneurons but also fusimotor neurons are activated at the same time, the so called 
“α-γ linkage”. When a muscle contraction occurs, muscle spindles may fall slack because the 
length of the muscle is shortened. Therefore, the length of the muscle spindles needs to be 
adjusted by contraction of the intrafusal fibres that are innervated by fusimotor neurons. This 
mechanism allows the muscle spindles to maintain tension regardless of muscle length. 
Historically, it was thought that joint receptors were responsible for the detection of joint 
position sense. Later, it was suggested that accurate position sense was retained even in the 
absence of joint receptors (Grigg et al. 1973; referred by (Lackner and DiZio, 2005)). 
Furthermore, Goodwin et al. (1972) showed that limb position sense was mimicked by 
application of a vibratory stimulus that artificially increases the firing rate of the muscle 
spindles.  Therefore, instead of the joint receptors, it was suggested that muscle spindles make 
a significant contribution to the sense of joint position (Goodwin et al., 1972a, Matthews, 
1972).  
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2.4 Spinal reflexes 
 
     2.4.1 Spinal reflex 
Historically, it was believed that the contraction response of the muscle when it is stretched is 
an intrinsic property of the muscles (Kandel et al., 2000). However, Sherrington (1906) 
demonstrated that this muscle response can be observed only when the afferent fibres from 
the muscle to the spinal cord and the motor nerve to the muscle are intact  (Sherrington, 1906). 
His group investigated this muscle response using decerebrate cats. When the muscle was 
passively stretched, the muscle being stretched opposed the stretch with an increasing 
contraction. This was called the stretch reflex (Liddell and Sherrington, 1924).  
The stretch reflex is triggered by Ia afferent inputs to the CNS that arise from the muscle 
spindles activated by the muscle stretch. The Ia afferent fibres that travel into the spinal cord 
make monosynaptic connections with α motoneurons in the anterior horn that innervate the 
homonymous and their synergist muscles. These are called homonymous and heteronymous 
connections respectively. The synaptic latency of these reflexes in the spinal cord is less than 
1ms (Kandel et al., 2000). The activated Ia afferents activate motoneurons according to the 
size principle (Burke et al., 1981). The afferent inputs also make connections to inhibitory 
interneurons that project to the antagonist muscle of the muscle from which the afferent inputs 
arose (reciprocal innervation).  
Not only Ia afferents but type II afferents contribute to the stretch reflex, the so-called tonic 
stretch reflex. Type II afferent fibres also make monosynaptic connections with α 
motoneurons, so that the type II afferent input results in further excitation of α motoneuorns in 
a similar way to the phasic stretch reflex that is evoked mainly by Ia afferents. This 
mechanism is important especially for postural control since the tonic stretch reflex maintains 
muscle tonus. This may contribute to restoration of a specific posture after a perturbation. 
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The stretch reflex involves not only a segmental reflex arc as mentioned above but these 
afferent inputs contribute to long loop reflexes involving supraspinal pathways. When the 
muscle is stretched, two responses can be observed. The first response is called the M1 
response that is evoked via a monosynaptic reflex arc and is independent of back ground 
muscle contraction force (Hoffer and Andreassen, 1981). This M1 response is evoked from 
the ankle extensor muscles with an onset latency at 40–50 ms and a peak latency at 50–60 ms 
(Sinkjær et al., 1999). The second response, the M2 response, has a longer latency than the 
M1 response since its pathway involves the influence from motor areas  (Matthews, 1991). 
For the triceps surae muscles, this M2 response is evoked during isometric contraction of the 
muscle with a peak latency at 67-90 ms (Fellows et al., 1993, Toft et al., 1991). It is thought 
that this M2 response can be modulated at thalamic or cortical levels, however, it is not 
influenced by a subject’s intentional control against postural perturbation (Capaday et al., 
1994). It is suggested that the long loop M2 response may be useful to assess the rigidity of 
Parkinson’s disease (Rothwell et al., 1983).  In this thesis, the spinal stretch reflex equivalent 
to the M1 response was measured. 
 
The amplitude of spinal reflexes can vary even when the afferent inputs are consistent. Three 
factors mainly contribute to the modulation of the size of the stretch reflex – first, excitation 
of the α motoneurons, second, interneurons in polysynaptic pathways that connect to the 
relevant α motoneurons, and third, presynaptic modulation of the afferent neurons. 
Modulation of reflex size occurs when these target sites are regulated by a modulation of 
inputs from a descending pathway or by a change in transmission in the spinal cord.  
For instance, when tonic excitatory inputs from the descending pathways to α motoneurons 
increases, the excitability level of α motoneurons rises since the membrane potential of the 
motoneurons comes closer to threshold. In this state, even small afferent inputs from muscle 
spindles that normally cannot evoke depolarization are able to reach the threshold of the 
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motoneurons. These changes in inputs onto the motoneurons can be reflected in the size of the 
spinal reflexes.  
The detail of these spinal reflexes as an experimental tool will be discussed in Chapter 3. 
 
    2.4.2 Difference between H-reflex and tendon jerk 
To measure spinal motoneuron excitability, two kinds of spinal reflexes were employed in 
this thesis, the Hoffman reflex (H-reflex) that is evoked by electrical excitation of the Ia 
afferent fibres, and the tendon jerk that is evoked by transient stretch to the muscle (See 
Chapter 3). Even though both the H-reflex and the tendon jerk are generally recognized as a 
spinal reflex and a tool to investigate motoneuron excitability, and perhaps involve similar 
pathways, these two reflexes behave differently in different circumstances. Therefore, 
comparison of these two reflexes must be carefully considered.  
 
For instance, voluntary co-contraction of antagonist muscles results in a depression of H-
reflex amplitude of the homonymous muscles because of presynaptic inhibition of the Ia 
afferents (Nielsen and Kagamihara, 1993). Presynaptic inhibition can reduce the excitatory 
postsynaptic potentials (EPSPs) by a constant factor without affecting postsynaptic 
conductance, therefore it reduces the size of the reflex proportionally (Morin et al., 1982).  
It is also reported that, in subjects standing without any support, the amplitude of the H-reflex 
decreases compared with standing restrained or in sitting subjects (Capaday and Stein, 1986, 
Hayashi et al., 1992, Koceja et al., 1993, Miyoshi et al., 2003, Nakazawa et al., 2004, Funase 
et al., 2004). It was suggested that this inhibition in reflex amplitude is due to presynaptic 
inhibition that results from gravitational loading of joint receptors of the leg acting on Ia 
afferent fibres (Katz et al., 1988). For instance, Nakazawa (2004) investigated changes in the 
H-reflex amplitude under different loading conditions of the knee and the ankle joint using 
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immersion of the leg in water to unload the joints. They showed that the amplitude of the H-
reflex decreased when the ipsilateral knee and ankle joints were loaded by attaching a sinker, 
conversely, reflex amplitude increased when those joints were unloaded. This finding 
suggests that joint loading may induce presynaptic inhibition of Ia afferent fibres input and 
then depress the amplitude of the H-reflex. 
 
Presynaptic inhibition does not depress the amplitude of the tendon jerk in the same manner 
as the H-reflex (Nielsen and Petersen, 1994, Sinkjær et al., 1996). Therefore, it was postulated 
that these two reflexes have a different sensitivity to presynaptic inhibition. 
Tendon tap induces a stretch of the whole muscle that is transmitted to the muscle spindles. 
Therefore, the resultant afferent volley consists of a burst of discharges in the Ia afferent 
fibres. Each afferent fires several times at short peried (five milliseconds) with a large 
temporal dispersion of the afferents (Burke et al., 1983a, Enriquez-Denton et al., 2002). This 
results in temporal summation of the EPSPs in the motoneurons. On the other hand, the 
afferent input evoked by an electrical stimulus induces relatively little temporal dispersion of 
afferent discharges, but is more of a single synchronized volley which results in spatial 
summation (Morita et al., 1998). In the study of Morita et al. (1998), the post stimulus time 
histogram (PSTH) of the tendon jerk showed a longer time course than that of the H-reflex, 
and only the initial part of the PSTH was depressed by presynaptic inhibition. To understand 
why this occurred, it is important to understand what afferents are excited by these different 
stimuli. 
 
Even though the H-reflex and the tendon jerk are often referred to as a monosynaptic reflex, it 
is suggested that the afferent volley of these reflexes activate not only monosynaptic pathways 
but also oligosynaptic excitatory and inhibitory pathways (Burke et al., 1983b, Burke, 1983). 
The tendon jerk especially evokes composite excitatory postsynaptic potentials (EPSPs) with 
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a long time course and has a long (10 ms) rising phase. It is suggested that this long time 
course may allow oligosynaptic pathways to affect the reflex excitability of the tendon jerk 
(Burke et al., 1984). Morita et al. (1998) suggested that the reason why the latter part of the 
tendon jerk peristimulus time histogram (PSTH) was not depressed by presynaptic inhibition 
of Ia afferents is that the tendon jerk is more contaminated by non-monosynaptic effects. They 
suggested that, since group II afferents involved in non-monosynaptic inputs are not affected 
by presynaptic inhibition, this may explain the different responses of the H-reflex and tendon 
jerk to presynaptic inhibition (Morita et al., 1998, Enriquez-Denton et al., 2002). Therefore, 
even though the H-reflex and the tendon jerk have common neural pathways, the afferent 
volleys evoked by these two reflexes are significantly different, and they are also affected by 
different non-monosynaptic afferent inputs involving presynaptic inhibition to a different 
extent (Enriquez-Denton et al., 2002). The actual pathway of the tendon jerk is different from 
that of the H-reflex because the tendon jerk reflex pathway includes the muscle spindle as 
well. As a consequence, this reflex is able to directly assess central reflex excitability as well 
as muscle spindle sensitivity.  
However, since the afferent volley and the composite EPSPs rise times of the H-reflex and 
tendon jerk are different, it is suggested that the nonmonosynaptic neural pathways involved 
in these two reflexes are different. Therefore, it is difficult to simply compare these two 
different reflexes to assess changes in spinal reflex excitability (Burke et al., 1983b, Burke et 
al., 1984). 
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2.5 Muscle conditioning   
Through out the series of experiments in this thesis, a technique called muscle conditioning 
that systematically alters the mechanical sensitivity and level of resting discharge of muscle 
spindles is employed. For instance, to create insensitive muscle spindles, the muscle is firstly 
lengthened from its original length. After that, the muscle is isometrically contracted for two - 
three seconds followed by approximately a five second relaxation period. When the muscle is 
passively returned back to its initial length, the sensitivity of the muscle spindle becomes low. 
On the other hand, isometric contraction at a shortened length followed by a five second 
relaxation period will create tight muscle spindles.  
In this section, the mechanism underlying the effect of muscle conditioning and the history of 
how the concept of this technique has been developed will be described. 
 
    2.5.1 History of muscle thixotropy 
To explain the concept of muscle conditioning, we firstly need to understand “muscle 
thixotropy”. This concept is well documented by Proske et al. (1993). Some liquids exhibit 
the property of thixotropy. That is, when they are at rest, they assume a viscus or gel state. 
When stirred or shaken, they become less viscus and more fluid. Such liquids retrieve their 
gel-like property when left to rest. Muscle thixotropy is not exactly the same phenomenon as 
the above example of thixotropy. However, this term is used for muscles to describe the dry 
friction-like behaviour of passive muscle as distinct from its elastic (length dependent) or 
viscous (velocity dependent) behaviour (Proske et al., 1993, Aramideh et al., 2002), and the 
resistance of muscle to imposed motion which is high for small movements but less for larger 
movements (Proske et al., 1993).  
It is thought that post-excitatory facilitation which was first referred to by Hunt and Kuffler 
(1951) is the first description of muscle thixotropy. They found that an increase in the muscle 
spindle’s response remained high for seven minutes after a repetitive fusimotor stimulation 
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period. Also they found that this increased spindle response could be abolished by a brief 
stretch of the muscle. It was concluded that this persisting effect is due to some ‘plastic’ 
property of spindle intrafusal fibres (Hunt and Kuffler, 1951). 
In later years, Hill (1968) studied the tension response of frog muscles to a stretch. He found 
an elastic component at the initial phase of the stretch followed by a nearly constant frictional 
tension during the remainder of the stretch period. This early component of the muscle 
response to the stretch was called the “short-range elastic component” (SREC). Hill (1968) 
concluded that this thixotropic property of the resting muscle is due to the formation of cross-
bridges between myosin and actin filaments that have a slower formation cycle than normal 
active cross-bridges. The intensity of the SREC increases at longer muscle lengths, therefore 
he suggested that the smaller diameter of the muscle fibre at the longer muscle length causes 
more opportunity for the cross-bridges to attach because the distance between muscle 
filaments decreases (Hill, 1968). 
Brown (1969) studied spindle afferent responses to muscle stretch in the anaesthetised cat, 
extending Hill’s experiment. He found that the high-frequency burst of impulses that can be 
seen at the initial phase of muscle stretch increased after fusimotor stimulation. He also found 
that this “after-effect” of fusimotor stimulation persisted for over minutes unless the muscle 
was subsequently stretched. In his experiment, when the muscle was shortened from the 
length where the fusimotor stimulation was given, no initial burst was observed with muscle 
stretch. However, a burst was observed when the muscle was stretched through the length at 
which the fusimotor stimulation was given. This result suggested that this effect is mechanical 
in origin. That is to say, the stable bonds between myosin and actin filaments of the intrafusal 
fibres stuck at the particular length where the fusimotor fibres were stimulated. Brown also 
found that this effect is produced by both static and dynamic fusimotor fibre activation 
(Brown et al., 1969). Then, it was suggested that the observed after-effect in afferent 
discharge in response to stretch observed by Hill (1968) is mechanical origin and that it is due 
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to formation of stable cross bridges between myosin and actin filaments that was implicated 
in Brown et al. (1969) (Proske et al., 1993). 
 
    2.5.2 Introduction of muscle conditioning 
In 1984, a model of muscle conditioning was introduced by Morgan et al. (1984). The 
purpose of this study was to investigate the after-effect of repetitive muscle stretch and 
dynamic fusimotor stimulation on muscle spindle behaviour. The muscle conditioning 
protocol that was introduced in the Morgan et al. (1984) study was as follows. Immediately 
after repetitive muscle stretch and shortening, the muscle was held at a lengthened position for 
three seconds before being returned passively back to its original length – this was defined as 
hold-long muscle conditioning. “Hold-short conditioning” was established by passively 
returning the muscle to its original longer position immediately after the same repetitive 
muscle movement. This protocol was based on the idea that the after-effect of the formation 
of stable cross bridges can be removed following a series of rapid repetitive stretch and 
release movements (Proske, 1975). After each form of muscle conditioning, Proske and 
colleagues slowly stretched the muscle while stimulating its fusimotor fibres. The response of 
the muscle spindles to the fusimotor stimulus was larger with hold-short conditioning; on the 
other hand, hold-long conditioning revealed only a small increase in spindle firing. They 
found that the holding time of three seconds after the end of the stretch-release cycle was 
necessary to establish this “after-effect” since the spindle response after hold-long 
conditioning using a holding time of less than three seconds was not significantly depressed. 
However, once the effect of muscle conditioning was established, the effect persisted for 
about 30 minutes unless the muscle was disturbed. They concluded that the rapid stretch and 
release movement of the muscle acted to break any pre-existing stable cross bridges between 
myosin and actin filaments within the sarcomeres of the intrafusal fibres, and, that the 
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spontaneous formation of new cross bridges occured immediately after the end of the 
movement at whatever length the muscle happened to be at (Morgan et al., 1984b).  
As stated above, the repetitive muscle stretch and release movement can abolish the effect of 
the post-excitatory facilitation and detach stable cross bridges. This occurs because the muscle 
stretch stresses the stable cross bridges and causes them to break. Furthermore, it was 
suggested that the reformation of the stable cross bridges can occur even during slow muscle 
stretch. Therefore, the reconstruction of the stable cross bridges may occur at the length that 
the muscle reaches near the end of its stretch range (Proske et al., 1993). Stable cross bridges 
can also be detached by muscle contraction because the pre-existing stable cross bridges are 
involved in active cross bridge cycling. Since the reformation of stable cross bridges occurs 
rapidly (Proske and Stuart, 1985), they are established at the length that the stretch finishes or 
the muscle contraction occurs. Therefore an isometric contraction followed by relaxation of 
the muscle can be used to eliminate the unknown mechanical state of muscle spindles. If the 
muscle length is passively shortened after the establishment of the stable cross bridges, the 
muscle spindles are unable to shorten their sarcomeres; therefore the spindle fibres become 
slack. On the other hand, when the muscle is passively lengthened after establishment of the 
stable cross bridges, the mechanical state of the muscle spindle becomes tight. The muscle 
conditioning protocol developed by Proske’s group (Proske et al., 1993) was based on the 
thixotropic behaviour of muscle. It allowed the development of an experimental tool which 
could be used to manipulate the mechanical sensitivity of the muscle spindles and rate of the 
resting discharge.  
 
For more detail, see Chapter 3 (Section 3.5). The altered mechanical sensitivity of muscle 
spindles also influences the amplitude of spinal reflexes as discussed below. 
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    2.5.3 Effect of muscle conditioning on the amplitude of the H-
reflex and the tendon jerk 
It is known that the responses of the two types of spinal reflex used in the experiments of this 
thesis, H-reflex and tendon jerk, to muscle conditioning are different (Gregory et al., 1990, 
Wood et al., 1996).  
When the tendon jerk is evoked from a muscle that is conditioned as hold-long, the amplitude 
is depressed because of the lower stretch sensitivity of the muscle spindles. On the other hand, 
facilitation of the tendon jerk amplitude can be observed with the muscle conditioned as hold-
short. This results in a higher mechanical sensitivity of the muscle spindles. It is suggested 
that these changes in the amplitude of the tendon jerk can be correlated with the altered 
stretch responsiveness of the muscle spindles (Gregory et al., 1987). As mentioned above, a 
tendon tap results in a brief and instantaneous stretch of the muscle spindles. If the muscle 
spindles are conditioned so that they are in a slack state, the stretch must first take out the 
slack to activate the muscle spindles, therefore, the response of the hold-long conditioned 
muscle to the tendon tap becomes smaller. 
In contrast, when the H-reflex is evoked from the muscle that is preliminary conditioned as 
hold-long, the amplitude becomes larger than when the muscle is conditioned as hold-short. 
The mechanism responsible for the change in H-reflex amplitude in response to muscle 
conditioning is not the same as for the tendon jerk. Hultborn et al. (1996) investigated the 
depression of H-reflex amplitude after activation of Ia afferent fibres. They observed that the 
depression of the H-reflex was accompanied by a reduction of the monosynaptic EPSPs, 
however, this change was not due to changes in the input resistance of the membrane potential 
in the motoneurons (Hultborn et al., 1996). Since there was no change in motoneuron 
excitability, they concluded that this depression was induced by a presynaptic effect caused 
by the preceding Ia afferent volley, but this was thought not to be classical GABAergic 
presynaptic inhibition. It was suggested that depletion of neurotransmitter release from 
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previously activated afferent fibres - called post activation depression, might be the reason for 
this H-reflex depression (Hultborn et al., 1996, Wood et al., 1996). Therefore, it was 
considered that hold-short muscle conditioning, that results in a higher resting discharge of 
the muscle spindle afferents, caused a depression in the amplitude of the H-reflex because of a 
temporary depletion of neurotransmitter (Gregory et al., 1998). 
 
2.6 Abnormal neck sensory inputs and their impact on postural 
control  
 
    2.6.1 Whiplash injury and postural instability 
Whiplash injury occurs as a result of a rear or forward-end vehicle accident and as a 
consequence, forced flexion/extension of the neck (Norris and Watt, 1983, Jakobsson et al., 
2000, Ovadia et al., 2002, Pobereskin, 2005, Holm et al., 2009).The first documented case of 
neck whiplash injury was published about 60 years ago (Gay and Abbott, 1953). The 
incidence of whiplash injury has increased over these 30 years (Holm et al., 2009). Nowadays, 
whiplash is defined as “an acceleration-deceleration mechanism of energy transferred to the 
neck that results in soft tissue injury that may lead to a variety of clinical manifestations 
including neck pain and its associated symptoms” by the Quebec Task Force on Whiplash-
Associated Disorders (Spitzer et al., 1995) For instance, when a rear impact occurs, the 
passengers’ body is accelerated forward while their head remains static in space. This results 
in a relative neck extension at a maximum acceleration of 12 g with a collision speed of 32 
km/h [(Severy et al., 1955) cited by (Barnsley et al., 1994)] . Further, because of the strong 
inertia of neck extension, the neck is then accelerated forward (Barnsley et al., 1994). The 
forced neck extension and flexion causes damage to the neck structures such as zygapophysial 
joint compression, tearing of muscles, ligaments or discs, or fracture of the cervical 
vertebrae(Barnsley et al., 1994). Neck pain is a common and consistently reported symptom 
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of whiplash associated disorders (Gay and Abbott, 1953, Cammack, 1957, Olsson, 1991, 
Barnsley et al., 1994), and pain may radiate to the head, shoulder, arm and interscapular 
region (Barnsley et al., 1994). It is also suggested that whiplash injury can occurr in other 
settings, such as at work or when participating in some sports (Holm et al., 2009). 
 
In 1995, the Quebec Task Force on Whiplash-associated Disorders (WAD) defined the term 
‘WAD’ to describe the subsequent complications of whiplash injury (Carroll et al., 2009). It 
has been reported that patients who suffer from WAD may also experience loss of balance, 
dizziness, and unsteadiness (Oosterveld et al., 1991, Bring and Westman, 1991, Karlberg et 
al., 1995a, Mallinson et al., 1996, Koskimies et al., 1997, McPartland et al., 1997b, El-Kahky, 
2000 , Schieppati et al., 2003b, Treleaven et al., 2005, Stapley et al., 2006). Although the 
exact pathology of WAD is not known (Holm et al., 2009), it is thought that WAD is caused 
by cervical sprain or strain that results from soft tissue damage to structures such as the 
ligaments and/or muscles of the neck (Carroll et al., 2009). The annual incidence of WAD is 
about 300 persons per 100,000 of the population (Carroll et al., 2009). Even though true 
vertigo is not a common symptom of this “cervicogenic dizziness”, perceptual symptoms of 
disorientation and vague unsteadiness are commonly described (Treleaven et al., 2003).  
Most whiplash patients recover within a few weeks to a few months. However, it is suggested 
that 12-40 % of whiplash patients have persistent WAD, and between 40-70% of those 
patients have symptoms associated with dizziness and unsteadiness (Barnsley et al., 1994, 
Treleaven et al., 2003). It has been shown that patients who have neck pain, of either 
traumatic origin such as WAD (Karlberg et al., 1995b) or non-traumatic origin, may 
experience a disturbance of balance assessed by observing standing postural sway in the 
antero-posterior direction (Giacomini et al., 1997, Field et al., 2008). However, patients who 
experienced cervical trauma tend to show a greater balance disorder than those suffering 
idiopathic neck pain (Field et al., 2008).  
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Past studies have suggested that the symptoms associated with whiplash injury described 
above are related to a change in neck afferent inputs to the CNS. For instance, it was reported 
that relief of dizziness in WAD patients is often associated with relief of neck pain. Thus it 
was suggested that there is a close link between cervicogenic dizziness and neck pain, injury 
and pathology (Wrisley et al., 2000).  
Also, in Mallinson’s (1996) study, 18 post-whiplash patients with complaints of dizziness 
were analysed using electronystagmography (ENG) and computerized dynamic 
posturography (CDP). The results of this study showed that 16 out of 18 patients had no 
abnormality or spontaneous ENG signals, and also, no patients showed any abnormal signs 
after caloric induced nystagmus. However, 13 of 18 patients showed an abnormal CDP which 
suggests impairment in the vestibular system (Mallinson et al., 1996). These results can be 
interpreted that the abnormality in the postural control of post-whiplash patients that was 
observed through the CDP test was not due to impairment of the vestibular apparatus. It was 
suggested that dizziness in whiplash-associated disorders may be attributed to cervical 
mechanoreceptor dysfunction (Treleaven et al., 2003).  
These postural disturbances or unsteadiness and subjective reports of dizziness that are 
associated with neck disorders are referred to as ”cervical vertigo” (Brandt, 1996, Brandt and 
Bronstein, 2001).  
 
    2.6.2 Experimentally evoked disruption of neck sensory inputs  
Not only clinical disorders such as whiplash injury, but also artificially evoked neck sensory 
disturbances can induce errors in postural control. 
It is well accepted that a vibratory stimulus applied to a muscle can increase the firing rate of 
muscle spindles (See Chapter 3 for detail). Pyykko et al. (1989) investigated the effect of a 
vibratory stimulus on various skeletal muscles in standing subjects. Their results showed that 
a stronger postural sway was observed when muscle vibration was applied, in descending 
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order, to the dorsal neck, triceps surae, gluteus, abdominal, biceps femoris, quadriceps 
femoris, lumbar and tibialis anterior muscles (Pyykko et al., 1989). Similar results were 
observed in Yagi’s (2000) study which showed that the influence of a vibratory stimulus on 
postural sway was most prominent in the upper dorsal neck muscles compared with other 
vibrated muscle groups (Yagi et al., 2000). 
Many studies have shown that a vibratory stimulus applied over the dorsal neck muscles 
induces postural instability and sway in a standing Human, even in healthy subjects (Lund, 
1980, Rossi et al., 1985, Morizono, 1991, Koskimies et al., 1997, Kavounoudias et al., 1999, 
Yagi et al., 2000).  
It has been suggested that the direction of body inclination that is induced by a vibratory 
stimulus is opposite to the vibrated site (Kavounoudias et al., 1999, Kasai et al., 2002). For 
instance, Kavounoudias et al (1999) investigated the direction of body sway by recording 
centre of foot pressure (CoP) during neck muscle vibration applied at a frequency of 80 Hz. 
The vibratory stimulus was applied to the anterior, posterior, right, or left side of the neck, i.e., 
the sternocleidomastoidus, splenius, and right, or left trapezius muscles respectively. The neck 
muscle vibration showed body sway always in the contralateral direction with respect to the 
vibrated site (Kavounoudias et al., 1999)(See Figure 2.1). The physiological rationale of this 
phenomenon is discussed later in section 2.10.2. 
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Figure 2.2. Postural responses induced by applying vibratory stimulus to a 
single muscle group at the neck (Kavounoudias et al., 1999).  
Kavounoudias et al. (1999) showed postural sway in a standing subject during application of 
a vibratory stimulus to the neck muscles. Traces from the center express mean trajectries of 
the centre of foot pressure (centre of pressure: CoP). When the vibration was applied to the 
front of the neck, backward body sway was observed. On the other hand, when the vibration 
was applied to the dorsal neck region, forward postural sway was observed. A vibratory 
stimulus applied to the side of the neck showed postural sway towards the direction opposite 
to the vibrated site. Figure was adapted from (Kavounoudias et al., 1999) 
 
The impact of neck vibration has also been observed during locomotion. For instance, Bove et 
al. (2001) investigated the effect of a vibratory stimulus applied to the dorsal neck muscles 
during gait. Normal subjects were instructed to walk towards a marker in front of them and, 
then they were required to walk towards the mark with their vision restricted by a blindfold. 
Neck vibration at a frequency of 70 Hz or 100 Hz was applied to the right side of the cervical 
spine four centimetres away from the midline during or before walking tasks. When the 
vibratory stimulus was applied during locomotion, the trajectory of the walking path deviated 
towards the side opposite to the vibrated site (Figure 2.2). It also caused an undershoot of the 
planned walking distance and slowed the velocity of walking. When the vibration was applied 
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before the onset of walking, the trajectory was also deviated, but it was in a non-systematic 
way (Bove et al., 2001). 
 
 
Figure 2.3. Walking trajectory during right neck vibration (Bove et al., 2001).  
Bove et al. (2001) showed that, with eyes closed, walking trajectory towards a previously 
seen target deviates to the left side when the vibratory stimulus was applied to the right side 
of the neck. This figure shows an example of the path trajectories in one subject (five trials). 
Figure was adapted  from (Bove et al., 2001) 
 
These same authors also applied a vibratory stimulus to the neck muscles while their subjects 
stepped in place. Subjects were asked to step in place with their vision restricted by a 
blindfold. A vibratory stimulus, at a frequency of 80 Hz, was applied to the side of the neck, 
over the belly of the sternomastoid muscle. The vibratory stimulus commenced at the same 
time as the onset of stepping. The results showed that the subjects’ body started to rotate 
toward the side opposite to the vibration side 10 seconds after the onset of the vibratory 
stimulus, with a  constant angular velocity of about 1 ۫ /s (Bove et al., 2002). 
 
Additionally, it has been shown that dorsal neck muscle fatigue induced by prolonged dorsal 
neck muscle contraction results in a disruption of balance (Schieppati et al., 2003b, Duclos et 
al., 2004, Schmid and Schieppati, 2005). It is known that muscle fatigue modifies sensory 
inputs from muscle spindles and Golgi tendon organs (Pedersen et al., 1998, Pettorossi et al., 
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1999, Taylor et al., 2000, Hill, 2001). Also it is suggested that muscle fatigue can modify 
muscle spindle discharge by affecting γ motoneuron discharge (Ljubisavljevic et al., 1994, 
Pedersen et al., 1998). Moreover, reduced blood flow that results from muscle fatigue causes 
insufficient oxygen availability and an increase in interstitial potassium concentration, in turn, 
an increase inflow from free nerve endings (Pettorossi et al., 1999, Schieppati et al., 2003b). 
Schieppati et al. (2003) showed the effect of fatigue-induced afferent inflow on body balance 
that was measured by a dynamometric platform. In their study, fatigue was induced by having 
subjects stand upright and perform a resistive contraction against a neck flexion torque. 
Muscle fatigue was confirmed by a decrease in the EMG median frequency and an increase of 
the EMG amplitude after a five minute period of isometric contraction of the dorsal neck 
muscles.  Without vision, body sway reached a significantly different level from its control 
value after fatigue was induced in the neck extensor muscles (Schieppati et al., 2003b).  
In terms of the effect of muscle fatigue on postural control, Stapley et al. (2006) investigated 
whether patients who have whiplash injury showed neck fatigability and its effect on postural 
control, and also whether physiotherapy treatment could provide relief of these symptoms. 
Their results showed that seven out of 13 the patients with whiplash injury showed EMG 
signs of fatigue after isometric neck muscle contraction and also increased postural sway. 
After physiotherapy treatment such as soft tissue treatment, isometric and isotonic exercises, 
mobilisation, and head traction and relaxation techniques, no patients showed signs of fatigue 
or abnormal postural sway even after the subject performed a five minute period of isometric 
neck muscle contraction using a load corresponding to 35 % of maximal voluntary contraction 
(Stapley et al., 2006). 
 
Some studies investigated the effect of elimination of the sensory inflow from neck 
proprioceptive receptors on posture, using anaesthesia or deafferentation.   
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De Jong et al. (1977) injected local anesthetic into either side of the neck using 1.5 to two ml 
of a two % procaine chloride solution in rabbits and cats, one to two ml of a one % lidocaine 
hydrochloride solution in monkeys; and 10 ml of one % lidocaine in Humans. During the time 
when sensory inflow arising from the neck was blocked by injecting these substances into the 
tissues, the intensity of nystagmus and ataxia were monitored. The effect of anaesthetising 
neck structures after labyrinthectomy was also observed in animals. Their results showed that 
ataxia occurred after anaesthesia, and subjects tended to fall or incline towards the side of the 
injection in both animals and Humans (DeJong et al., 1977). De Jong’s study suggested that 
abnormally decreased afferent inputs from the neck alter postural stability in both animals and 
Humans. 
Manzoni et.al (1979) investigated the effect of unilateral deafferentation of the upper cervical 
nerve roots (C1-C3) on postural stability in cats. They found postural asymmetry that was 
characterised by hypertonia of the limb extensor muscles on the ipsilateral side of the 
deafferentation, and hypotonia of the contralateral limb extensors (Figure 2.3). Also the cats’ 
walking path deviated towards the opposite side of deafferentation, and sometimes the animal 
fell in this direction (Manzoni et al., 1979). These studies strongly support the proposal that 
afferent inputs from neck proprioceptors have an impact on postural control.  
 
The neck muscles have distinctive morphological characteristics that are different from the 
muscle spindles in the extremity muscles. As this thesis applied stimuli to alter afferent inputs 
from the neck muscle spindles, it is important to know their attributes which are discussed in 
the next section. 
 
  Chapter 2 
 
 
53 
 
 
Figure 2.4. Effect of unilateral deafferentation of the neck on posture in the 
unanesthetized cat (Manzoni et al., 1979) 
Manzoni (1979) showed the effect of left dorsal root (C1-C3) deafferentation on posture in 
cats. The cats tended to lie down on their right side (panel A and B). There was an increase in 
muscle tonus of ipsilateral extensors. Meanwhile, muscle tonus of contralateral extensor 
muscles was decreased (panel C, D and E). Pictures are adapted from (Manzoni et al., 1979). 
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2.7 Morphology of dorsal neck muscles   
In both Humans and animals, it has been found that the dorsal neck muscles have a very high 
density of muscle spindles (Cooper and Daniel, 1963, Thompson, 1970, Bakker and 
Richmond, 1982). Particularly, the deep neck muscles, for instance, the rectus capitis posterior 
major, the rectus capitis posterior minor, the obliquus capitis inferior, and the obliquus capitis 
superior, have almost a five times higher density of muscle spindles than that of the splenius 
capitis, and three times higher density compared to that of the semispinalis capitis muscles 
(Peck et al., 1984). It was suggested that the high density of muscle spindles of the deep neck 
muscles of the dorsal neck and the special features of the deep neck muscle spindles may 
allow for a greater precision of movement (Liu et al., 2003).  
Richmond and Abrahams (1975, 1979) investigated the morphology and physiological 
properties of muscle spindles of cat dorsal neck muscles. They examined 1578 spindles in 15 
muscles, three each of occipitoscapularis, biventer cervicis, splenius, complexus, and rectus 
capitis major (Richmond and Abrahams, 1975). They found that the basic structure of neck 
muscle spindles to be essentially the same as muscle spindles of the large hind limb muscles. 
Intrafusal fibre number determined in 1382 muscle spindles, ranged from one to 10 fibres. In 
most neck muscle spindles, most commonly two nuclear bag fibres were found, while one to 
eight nuclear chain fibres were present and they usually outnumbered the bag fibres. These 
authors introduced the term “conjunctive form” to include all spindles which shared elements 
or which existed in close physical contact with other spindles. They suggested that the 
“conjunctive form” of muscle spindles can be separated into three types of forms including 
tandem linkages, parallel linkages and paired linkages. 
Tandem linkages have complex junctional arrangements, and there is no obvious gap between 
spindle capsules, even though the distance between tandem capsules are varied. It was found 
that well-separated tandem spindles generally have one intrafusal fibre that was shared; 
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meanwhile, well stacked tandem spindles often share more than one intrafusal fibre and also 
there is no distinct boundary between capsules.  
Paired linkages are found between muscle spindles that have mechanical contact with one 
another, but do not share their intrafusal fibres. There a number of different types of contacts. 
Some paired linkages are only connected at each end of the muscle spindles. On the other 
hand, some paired linkages are found between muscle spindles that lie side by side and their 
equatorial enlargements staggered. The size of the spindles is similar and they usually contain 
two nuclear bag fibres and four to six nuclear chain fibres.  
Parallel linkages are formed between muscle spindles lying in parallel to one another. Here, 
muscle spindles are separated at their polar regions, however, the equatorial region of these 
muscle spindles are closely bound by contiguous outer lamellae. The lamellae attenuate 
toward the equatorial enlargements, therefore, the intrafusal space of these muscle spindles 
fuse together at equatorial region. Therefore there is no separation of the intracapsular spaces. 
It has been reported that Golgi tendon organs are found in association with tendinous 
inscriptions and many tendon organs exist in proximity of muscle spindles (Richmond and 
Abrahams, 1975).  
 
Although it was suggested that neck muscle spindles have higher densities and conjunctive 
forms as described above, Richmond and Abrahams (1979) suggested that the spindles of the 
neck do not greatly differ from spindles elsewhere in terms of their transducer properties and 
their basic morphology (Richmond and Abrahams, 1979a). In their studies, most of the neck 
muscle spindle responses revealed either primary or secondary properties. However, 22 of 
107 muscle spindle endings investigated in their study showed a mixed response where the 
dynamic indices and discharge variability could not clearly divide their units as being primary 
and secondary.  
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2.8 Sensation of equilibrium (The vestibular organ)  
 
    2.8.1 Semicircular canals  
Movement of the head, and in turn, the relative position change between the head and the rest 
of body is detected by the neck that was described in 2.6 and 2.7. In this section, the 
vestibular apparatus that detects the movement of the head in space will be described. Unlike 
neck proprioceptors, the vestibular apparatus senses only head movement since this apparatus 
is positioned in the bony structure of the inner ear. 
 
The vestibular apparatus that detects “equilibrium sense” consists of both the semicircular 
canals and otolith organs. 
The semicircular canals mainly detect angular velocity and acceleration of the head. As they 
are orientated in three planes, they are able to detect head movements in any direction in 
space. 
The semicircular canals consist of anterior, posterior, and lateral semicircular canals and these 
bisect each other at right angles. These canals are filled with endolymph. On the utricle side 
of each canal, they form an ampulla. Inside the ampulla, the internal wall of the canal is raised, 
and this region is called the ampullary crest. The cupula is a gelatinous unit that covers the 
ampullary crest. Sensory hairs of the hair cells emanate from inside the cupula. The relative 
density of the cupula is similar to that of endolymph that fills the inside of the canals; 
therefore, the cupula floats in the canals. When the head and semicircular canals rotate, there 
is a relative movement of the endolymph due to inertia. This inertial torque moves the cupula, 
which in turn, distorts the sensory hairs of the hair cells. 
The sensory hairs of the hair cells consist of cilia of different lengths. The longest of these is 
the kinocilium. The cilia called stereocilia of the hair cells are aligned in descending order of 
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length. Approximately 40 to 70 stereocilia exist in one hair cell. The longest cilia – the 
kinocilium is located next to the longest stereocilia. The position of the kinocilium in relation 
to the stereocilia of a hair cell determines the direction of the motion stimulus that the hair cell 
can detect (Kandel et al., 2000). 
At the tip of the cilia, there are connections between adjacent cilia called tip links. These 
connections link to mechanosensitive channels located on the edge of the cilia. The channels 
open when the cilia of the hair cell are flexed by inertia of the endolymph when the vestibular 
apparatus are moved in space. Since the endolymph contains a high density of pottasium ions, 
pottasium flows into the hair cells in accordance with its ionic gradient. This in turn, 
depolarizes the hair cells (Kuno et al., 2005). 
The synapses of the hair cells release neurotransmitter to gererate a resting potential even 
when the head is not moved, thus, the hair cells have a resting discharge at firing rates of 60 to 
120 spikes/s in anesthetized mammals (Eatock and Lysakowski, 2006). Therefore, small 
angular accelerations or decelerations, as small as 0.1 °/s2, are reflected in a change in the 
amount of neurotransmitter release (Kandel et al., 2000). When the sensory hairs are tilted 
towards the kinocilium, an excitatory discharge occurs. On the other hand, when the sensory 
hairs of the hair cells are tilted in the reverse direction, the firing frequency decreases 
(inhibitory response). 
 
    2.8.2 Otolith organs  
The structure of the otolith organ allows us to detect both gravitational pulling forces and 
translational head movements. Otolith organs consist of both a utricle and saccule located in 
the saclike section of the membranous labyrinth. As stated above, the utricle is connected by 
three semicircular canals, and the saccule is located next to the utricle. Both are connected by 
a utriculosaccular duct (Morsli et al., 1999). These apparatus are filled with endolymph that is 
regulated in the endolymphatic sac (Cantos et al., 2000). There is an oval thickening of the 
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epithelium of the saccule and utricle which forms the macula which has a radius of two to 
three mm. The macula has hair cells embedded in a gelatinous membrane (otolith membrane) 
that covers the sensory hairs of the hair cells (Hudspeth, 1989). On the otolith membrane, 
there are statoconias that consist of several micrometre long crystals of calcium carbonate. 
The relative density of these statoconia is about 2.9 which is higher than the density of 
endolymph (Kuno et al., 2005). Therefore, when the otolith organs move in space, the otolith 
membrane is moved in the counter direction by an inertial force. This in turn, deforms the 
sensory hairs embedded in the otolith membrane. In this way, the otolith organs can detect the 
inclination and linear acceleration of the head. In a similar manner as in the semicircular canal, 
the movement of the otolith menbrane is translated into movement of the kinocilium and 
stereocilia. This movement of the cilia of hair cells in the otolith organ opens 
mechanoelectrical transducer channels of cilia that are connected to tip links. Because the 
endolymph contains a high density of potassium ions, opening the channel causes an influx of 
potassium ions into the hair cells. As a result, depolarisation of the hair cells occurs and 
neurotransmitter (glutamic acid) is released from synaptic vesicles (Guth et al., 1998).  
The direction of the hair cells in the otolith organs varies. In the midst of the macula, there is a 
border line that is called the striola that divides the utricle into an inner side and an external 
side, and the saccule into an upper side and an under side. In the utricle, the direction of all 
hair cells faces the striola. Meanwhile, hair cells in the saccule face in the opposite direction 
to the striola. The striola curves across the macula. In other words, each hair call in the otolith 
has a specific direction to detect. Therefore, combination of signals that arise from all hair 
cells allows the otolith organ to detect head displacement in all directions.  
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2.8.3 Projections of the vestibular nerves 
Afferent signals from the vestibular apparatus travel to the vestibular nuclei via the vestibular 
nerve. The vestibular nuclei are located in the rostral medulla and caudal pons in the brain 
stem, beneath the fourth ventricle. The vestibular nerve also gives off collaterals to the 
cerebellum. It is known that the vestibular apparatus directly sends its primary afferents to the 
cerebellum (Haines et al., 2006). 
The vestibular nuclear complex consists of four nuclei; the lateral vestibular nucleus, the 
medial vestibular nucleus, the superior vestibular nucleus, and the inferior vestibular nucleus. 
It is suggested that the superior and the medial vestibular nuclei receive afferents from the 
otolith organ and one semicircular canal (either horizontal or posterior). Also, the lateral and 
inferior nucleus receives afferents from semicircular canals and the otolith receptors (Haines 
et al., 2006). 
The lateral vestibular nucleus (Deiters’s nucleus) is the most important nucleus for control of 
limb muscles. It is suggested that the lateral vestibulospinal tract originates almost exclusively 
in the lateral vestibular nuclei (Pompeiano and Brodal, 1957)[cited by (Wilson, 1991)]. The 
rostral part of the descending vestibular nuclei and caudal section of the lateral vestibular 
nuclei also receive otolith signals (Sato et al., 1996). However, by far the greatest input from 
the otolith is to the lateral vestibular nuclei (Takeshita et al., 1999). Some lateral 
vestibulospinal neurons that receive afferents from the otolith selectively respond to head tilt 
in a specific direction, meanwhile other neurons respond whenever the position of the head in 
space is changed (Kandel et al., 2000).  Also lateral vestibulospinal neurons receive signals 
from semicircular canals which converge with otolith signals (Zhang et al., 2002, Uchino et 
al., 2005). For instance, Uchino et al. (2005) showed that more that half of the lateral 
vestibulospinal neurons receive convergent signals from the otoliths and semicircular canals 
(Uchino et al., 2005). In addition, it is reported that the lateral vestibular nuclei receive 
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afferents arising from the ipsilateral anterior lobe of the vermis and from bilateral fastigial 
nuclei in the cerebellum (Carleton and Carpenter, 1983). 
This lateral vestibular nucleus is the origin of the descending lateral vestibulospinal tract. The 
cells in the anterorostral area project to the cervical spinal cord, meanwhile the cells in the 
posterocaudal area project to the lumbosacral spinal cord (Haines et al., 2006). It is known 
that this excitatory pathway monosynaptically and polysynaptically connects to alpha and 
gamma motoneurons and also to interneurons in lamina VII to IX of the limb muscles 
(Wilson and Yoshida, 1968, Grillner et al., 1970a, Mochizuki et al., 2006, Haines et al., 2006). 
In fact, when vestibular inputs are entirely removed, the amplitude of spinal reflexes recorded 
from the lower limb muscles diminish (Lacour et al., 1976).  
It is also suggested that the ventral part of the lateral vestibular nuclei that receive afferents 
from the utricle and the semicircular canals contributes to the vestibuloocular reflex that 
controls reflex eye movements. It is also known that pontomedullary reticulospinal neurons 
receive vestibular inputs. Unlike vestibulospinal neurons, they are predominantly influenced 
by otolith signals but not semicircular signals (Bolton et al., 1992). It is suggested that the 
pontomedullary reticulospinal neurons play an important role in the regulation of 
vestibulocollic reflex (Wilson et al., 1979, Peterson et al., 1980). 
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2.9 Projection of neck muscle afferents to the vestibular nuclei 
 
    2.9.1 Central cervical nuclei receive afferents from neck muscles  
Animal studies suggest that afferent inputs arising from neck muscles project to vestibular 
nuclei. Hirai et al. (1984) found that stimulation of group I and II nerve fibres from the dorsal 
neck muscles, such as splenius, biventer cervicis and complexus, rectus capitis dorsalis, and 
obliquus capitus caudalis can evoke monosynaptic excitation in cells of the central cervical 
nucleus in spinal cord segments C1 to C3 in the anaesthetized cat. To examine whether the 
observed excitation involved neck muscle afferents or not, they stimulated ipsilateral 
peripheral nerves from various muscles. They showed that single shock stimulation to the 
nerve from C2 splenius and obliquus capitus caudialis respectively, evoked a single spike 
response with short latency and low threshold, suggesting a monosynaptic connection. This 
observation was confirmed by intracellular recording from central cervical nuclei neurons in 
response to stimulation of the rectus capitus dorsalis nerves. The latency of the evoked EPSPs 
in the central cervical nuclei was 0.9ms after the stimulus; also the threshold of the response 
was below 1.1 times the threshold for the nerve volley. From these results, they concluded 
that group I spindle afferent fibres of the dorsal neck muscles are probably the leading 
candidate for the origin of the observed monosynaptic excitation of the central cervical nuclei 
neurons (Hirai et al., 1984). It was also suggested that responses of the central cervical nuclei 
to neck rotation resembled activity of primary muscle spindle afferents that was recorded 
from the C2 dorsal root ganglion (Chan et al., 1987) This connection between Ia spindle 
afferents from neck muscles and central cervical nuclei was confirmed by recent studies by 
retrograde labelling of neurons (Ornung et al., 1995, Ragnarson et al., 2003) 
Hirai et al. (1984) also found that group II afferent fibres evoke late latency EPSPs within 
central cervical nuclei. The late EPSPs in central cervical nuclei neurons were observed with a 
delay of 0.5–0.7 ms after the onset of the early EPSPs. These late EPSPs were only observed 
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with higher stimulus intensities (1.5 to 2.0 times the nerve threshold) (Hirai et al., 1984). This 
finding supports the proposal that muscle spindle secondary afferents may contribute to these 
late EPSPs. This argument was made because it is known that Ia afferent fibres have a lower 
stimulus threshold that is about 1-2 times nerve threshold than that of group II afferent fibres 
that is about 2-5 times nerve threshold. Also, Ia fibres have a faster conduction velocity that is 
reflected by larger diameter (12-20 µm) than group II afferent fibres that have smaller 
diameter (6-12 µm) (Kandel et al., 2000). Such a proposal is supported by Richmond and 
Abrahams (1979) who documented that the conduction velocities of splenius primary and 
secondary afferents of 65 m/s and 29 m/s, respectively (Richmond and Abrahams, 1979a). 
Therefore, it was suggested that the observed late latency EPSPs would be evoked by 
secondary afferents (Hirai et al., 1984). Their study suggested that both primary and 
secondary muscle spindle afferents from the dorsal neck muscles have neural connection to 
the central cervical nuclei. 
 
    2.9.2 Connections between central cervical nuclei and vestibular 
nuclei 
It has been suggested that neurons of the central cervical nuclei project to the contralateral 
vestibular nuclei (Matsushita et al., 1995, Sato et al., 1997b).  
For instance, Matsushita et al. (1995) investigated the projection of fibres from the cervical 
spinal cord to the vestibular nuclei in rats using an injection of Phaseolus vulgaris-
leucoagglutinin, cholera toxin subunit B, or biotinylated dextran. Their results showed that 
labelled terminals and axons were found especially in the lateral vestibular nuclei, also in the 
medial vestibular nuclei and the descending vestibular nuclei. Those projections were 
exclusively contralateral. A significant number of labelled terminals in the lateral vestibular 
nuclei were found only after injection into the C2 to C3 segments of the spinal cord where the 
central cervical nuclei are located (Matsushita et al., 1995). It was suggested that the reason 
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for the contralateral projection was that the axons of the central cervical nuclei cross the 
midline in the cervical spinal cord (Wiksten, 1979b, Wiksten, 1979a, Hirai et al., 1984a, 
Matsushita et al., 1995).  
 
Physiological experiments also support this connection. Sato et al. (1997) investigated the 
connection between central cervical nuclei and contralateral vestibular nuclei by electrical 
stimulation.  
They recorded responses of cells within the vestibular nuclei after electrical stimulation of 
central cervical nuclei cells. They also recorded responses of central cervical nuclei cells in 
response to antidromic stimulation of the vestibular nuclei in decerebrate cats. Their results 
showed that the contralateral vestibular nuclei responded to stimuli applied to central cervical 
nuclei neurons, situated in the medial part of lamina VII, with short latency (1.6 ms). Also 
antidromic stimulation of vestibular nuclei evoked short latency responses (1.2 ms) in the 
central cervical nuclei. These results suggest that the observed excitations were 
monosynaptically evoked, and that the central cervical nuclei mediate the linkage between 
dorsal neck muscle afferents and contralateral vestibular nuclei (Sato et al., 1997a). Xiong and 
Mastushita (2001) anterogradely labelled cervical afferents with biotinylated dextran, while 
retrogradely labelling vestibulospinal neurons with cholera toxin subunit B. They found 
bilateral inputs from the upper cervical segments to the vestibular nuclei including the lateral 
vestibular nuclei. These nuclei are known as the origin of the vestibulospinal pathway (Xiong 
and Matsushita, 2001). 
 
The neurons of the central cervical nuclei are also influenced by vestibular inputs. For 
instance, Thomson et al. (1996) investigated the response of neurons in the central cervical 
nuclei to sinusoidal neck rotation in decerebrate and paralysed cats. Their study showed that 
two-thirds of central cervical nuclei neurons were influenced by the vestibular stimulus, and 
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mostly by inputs from the contralateral horizontal semicircular canals (Thomson et al., 1996a). 
Popova et al (1995) investigated the extracellular responses of central cervical nuclei neurons 
to static body tilt in decerebrate cats. They observed that continuous activity of the central 
cervical nuclei neurons increased with static body tilt. This stimulus presumably activated the 
otolith organs (Popova et al., 1995).  
 
    2.9.3 Integration of inputs from neck muscles and the vestibular 
apparatus in the vestibular nuclei 
Many studies have shown that afferents from the vestibular apparatus and the neck converge 
in the vestibular nuclei (Brink et al., 1980, Boyle and Pompeiano, 1980, Boyle and 
Pompeiano, 1981, Anastasopoulos and Mergner, 1982, Khalsa et al., 1988, Wilson et al., 1990, 
Wilson, 1991). 
It is known that neck and vestibular inputs converge on unidentified neurons in the vestibular 
nuclei (Fredrickson et al., 1966, Rubin et al., 1975, Thoden et al., 1975)[as cited by (Brink et 
al., 1980)]. However, it is unclear whether those neurons project to vestibulospinal neurons 
(Brink et al., 1980).  
Boyle and Pompeiano (1979) found that lateral vestibulospinal neurons are activated by neck 
rotation (Boyle and Pompeiano, 1979). They further examined the convergence of neck and 
vestibular inputs in vestibulospinal neurons using extracellular recording, during sinusoidal 
tilt of the a) whole body, b) the head to the body, and c) the body to the head. It was shown 
that convergence of otolith and neck inputs was found in 48.7 % of lateral vestibulospinal 
neurons (Boyle and Pompeiano, 1981). Brink et al. (1980) also showed that electrical 
stimulation of the contralateral C2 ganglion evokes short latency excitation (2.5-5.5 ms) of 
lateral vestibulospinal neurons. Also, late excitation was induced by contralateral stimulation 
of C2 afferent arising from large neck muscles. They also showed a convergence of excitation 
from contralateral C2 ganglion and vestibular afferent inputs at ipsilateral lateral vestibular 
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nucleus (Deiters’ nucleus) and rostral descending nucleus (Brink et al., 1980). This finding 
also supports the convergence of neck and vestibular signals in the vestibular nuclei. 
  
    2.9.4 Integration of inputs from neck muscles and the vestibular 
apparatus in the central cervical nuclei   
As mentioned above, the central cervical nuclei receive afferent inputs from both the dorsal 
neck muscles (Richmond and Abrahams, 1979a, Hirai et al., 1984, Bakker et al., 1984, 
Takahashi et al., 1985) and vestibular nerves (Hirai et al., 1979, Popova et al., 1995, Thomson 
et al., 1996a).  
Further, afferents from the dorsal neck muscles and the vestibular apparatus converge on 
central cervical nuclei. Hongo et al. (1988) investigated the response of central cervical nuclei 
to natural stimulation of the vestibular apparatus and neck muscles using neck rotation and tilt. 
It was suggested that the candidate stimulated afferent fibres were group I fibres (Hirai et al., 
1984)  as was introduced in section 2.9.1. The study of Hongo et al. (1988) supported this 
proposal because the firing responses that were recorded in the central cervical nuclei to the 
neck movement had both dynamic and static aspects. They also found a specific pattern of 
convergence of neck muscle and vestibular inputs in the cells of the central cervical nuclei. 
The response pattern of the central cervical nuclei cells to the combined stimulus of head 
rotation as the vestibular stimulus and neck muscle stretch was observed. Excitation of cells 
that responded to an anterior vector of the vestibular stimulus was inhibited by stretch of the 
biventer cervicis muscle. Cells that responded to head tilt in the lateral direction were excited 
by a stretch of the splenius muscle and inhibited by stretch of the biventor cirvicis muscle. 
Also, cells that responded to a posterior vector were excited by stretch of the biventor cervicis 
muscle. In other words, vestibular and neck muscle spindle afferents that are excited by the 
same head movement tend to cancel their excitatory effect of each other in the central cervical 
nuclei (Hongo et al., 1988). Neurons of the central cervical nuclei are known to project to the 
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cerebellum (Matsushita and Okado, 1981, Matsushita and Hosoya, 1982, Matsushita et al., 
1984, Yaginuma and Matsushita, 1986). Therefore, it is suggested that the central cervical 
nuclei provides integrated information from the neck muscles and the vestibular apparatus to 
the cerebellum (Hongo et al., 1988).  
 
2.10  Interaction of vestibular and neck afferents 
 
    2.10.1 Interaction of vestibular and neck afferents 
The behaviour of the vestibulospinal reflex alone cannot be explained without considering the 
role of neck inputs.  
A study by Suzuki et al. (1985) showed that the activity of interneurons, presumably of the 
vestibulospinal tract, in the lumbar spinal cord represented an interaction of neck and 
vestibular inputs (Suzuki et al., 1985). This suggests that the converged information from 
neck proprioceptors and the vestibular system influence lower motoneuron excitability.  
Wilson (1991) argued that the first site in the central nervous system where convergence 
between vestibular and neck inputs occurs is the vestibular nuclei. They examined the 
excitation of vestibulospinal neurons in response to a vestibular stimulus only, neck stimulus 
only, and combined stimuli induced by sinusoidal rotation. They showed many lateral 
vestibular nuclei neurons respond to both vestibular and neck stimuli. Further, they suggested 
that the response vector orientation of vestibulospinal neurons to the neck stimulus and the 
vestibular stimulus alone were approximately in an opposite direction (Wilson, 1991). The 
study of Suzuki et al. (1985) supported the conclusion of Wilson (1991) since they also found 
an opposite response vector of lumbar interneurons to the stimulus of the neck and the 
vestibular apparatus (Suzuki et al., 1985). Therefore vestibular and neck signals are relayed 
and converge in the vestibular nuclei, and are then conveyed to the lumbar spinal cord via 
descending pathways such as the vestibulospinal pathway. 
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Galvanic vestibular stimulation (GVS) studies have provided further evidence that changes in 
neck inputs affect the amplitude of the H-reflex recorded from the limb muscles evoked by a 
vestibular stimulus (Nashner and Wolfson, 1974, Iles and Pisini, 1992c, Kennedy and Inglis, 
2002). Galvanic vestibular stimulation is a technique that excites peripheral vestibular nerves 
by an electrical stimulus applied to the skin over the mastoid processes. Galvanic vestibular 
stimulation induces contraction of the lower limb muscles recorded by EMG (Britton et al., 
1993, Watson and Colebatch, 1997) and postural sway in the standing Human (Nashner and 
Wolfson, 1974, Iles and Pisini, 1992c). It was not very clear whether the GVS influenced 
lower motoneurons through the vestibulospinal pathways from the above studies since the 
EMG response was observed only when subjects were performing a standing task, but not 
during sitting or a supported standing posture (Fitzpatrick et al., 1994). Kennedy and Inglis 
(2001) have questioned that if GVS induces EMG responses from lower limb muscles 
through vestibulospinal pathways, then it must be possible to observe EMG response even 
when subjects are in a relaxed posture. Their results suggested that GVS can influence 
vestibulospinal pathways that innervate limb muscles since it was shown that GVS increased 
the excitability of the H-reflex recorded from the soleus muscles (Hoffman reflex, see Chapter 
3) in the relaxed prone Human (Kennedy and Inglis, 2001) (See also 2.2.2.3). It is also 
important to note that the direction of the response to the GVS depends on the polarity of the 
stimulus. For instance, when the anodal electrode is positioned over one mastoid process, the 
reflex excitability of the ipsilateral soleus muscle decreases. In contrast, when the cathodal 
electrode is applied instead, the reflex excitability of the ipsilateral soleus muscle increases 
(Kennedy and Inglis, 2001). 
 
It was suggested that the postural response induced by GVS in standing Humans depends on 
head position (Nashner and Wolfson, 1974, Iles and Pisini, 1992c). Kennedy and Inglis 
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(2002) further investigated the effect of GVS on the H-reflex recorded from the soleus muscle 
with different degrees of neck rotation in prone Human subjects. They applied a GVS to the 
right mastoid process, either an anodal or cathodal stimulus, during neck rotation to either the 
right or left side. They then measured changes in motoneuron excitability of the ipsilateral 
soleus muscle by means of the Hoffman reflex. Their results showed that the amplitude of the 
reflex increased when the head was rotated towards the left side and when applying a cathodal 
stimulus, on the other hand, inhibition of the reflex was accompanied by right neck rotation 
coupled with anodal stimulation. Other combinations of stimuli did not modify reflex 
amplitude. Their results showed that there is a clear interaction between the polarity of the 
GVS and the direction of neck rotation (Kennedy and Inglis, 2002). 
 
Manzoni et al. (1998) investigated the relationship between neck and vestibular afferent 
inputs by combining whole body rotation in longitudinal, transverse, and vertical axes and 
body-to-head rotation. Their results showed that the response vector of the EMG recorded 
from triceps brachii shifted and corresponded to the angle of body-to-head displacement. In 
other words, the postural response to the vestibular stimulus induced by whole body rotation 
was spatially tuned by neck afferent inputs that produce the relative position information 
about the head with respect to the body. These changes in the response vector with different 
body-to-head rotations diminished by severing the C1 - C2 dorsal roots. Moreover, these 
changes in the response vector were suppressed by inactivation of the ipsilateral cerebellar 
anterior vermis by injecting the GABAA agonist muscimol. Therefore Manzoni et al. 
concluded that the ipsilateral cerebellar anterior vermis is necessary for this sensory 
integration. They suggested that the sensory inputs arising from tonic neck rotation, and 
acting through the cerebellar vermis, can convert the pattern of vestibulospinal reflexes that is 
organized in a head-centred reference frame into a body-centred reference frame (Manzoni et 
al., 1998). The response patterns observed in the study by Manzoni et al. correspond to the 
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suggestion made in earlier studies that convergence of vestibular and neck afferents in 
vestibulospinal neurons and reticulospinal neurons are antagonistic (Boyle and Pompeiano, 
1981, Pompeiano et al., 1984). 
 
Both Kennedy and Inglis (2002) and Manzoni et al. (1998) introduced above suggest that a 
change in neck proprioceptive inputs induced by neck rotation can alter vestibular-driven 
modulation of the lower motoneuron excitability. 
  
    2.10.2 Modulation of the spatial reference frame of the body 
The notion that the reference frame of the body is influenced by neck afferents and these 
modulate execution of motor tasks has also been reported in Human experiments. Bove et al. 
(2002) tested the effect of a neck vibratory stimulus on body orientation during stepping. A 
unilateral vibratory stimulus (See section 3.6) applied to the skin overlying the 
sternocleidomastoid muscles, during stepping in place while blind folded, showed that neck 
vibration caused whole body rotation towards the opposite side of the applied vibratiory 
stimulus. This effect was observed from a few seconds to 10 seconds after the onset of the 
vibratory stimulus (Bove et al., 2002). These authors also reported similar results during short 
distance walking. In this study, subjects were asked to walk blindfolded to a previously seen 
target; meanwhile, a vibratory stimulus was applied to the side of their neck. The results 
showed that subjects underestimated the distance to the target. A deviation of the walking 
trajectory was also observed (Bove et al., 2001). The authors concluded that the observed 
whole body rotation that occurred during stepping in place during application of the neck 
vibratory stimulus was the result of modulation of the egocentric reference frame of the body. 
In other words, the neck vibratory stimulus modified the interpretation of the straight ahead 
position (Bove et al., 2001, Bove et al., 2002).  
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It was suggested that, by changing the internal representation of the body, neck afferent input 
might induce a kinesthesic illusion (Taylor and Mccloskey, 1991, Karnath et al., 1994a, 
Wierzbicka et al., 1998, Ochi et al., 2006), which is integrated to neural plans for action 
(Corneil and Andersen, 2004). Errors occur when executing these tasks - because the subjects 
intended to perform a task – that is, maintaining stepping in place or walking to a target on the 
basis of information from the modified egocentric reference frame (Schmid and Schieppati, 
2005). Therefore, it is suggested that these observed deviations of body orientation resulted in 
an error in motor tasks execution as an adaptation to the modified “straight ahead”. 
 
However, much shorter latency postural responses to neck vibratory stimuli have also been 
reported. For instance, Andersson and Magnusson (2002) investigated the effect of a dorsal 
neck vibratory stimulus on postural responses measured by EMG and a force-plate. 
Immediately after the onset of the vibratory stimulus, activation of the tibialis anterior muscle 
at a latency of 70-100 ms was observed, and then, inhibition of the triceps surae muscles 
occurred with a slightly longer latency. This relatively short latency response observed in 
their study is actually longer than GVS evoked EMG responses that are thought to occur 
through the vestibulospinal pathway (approximately 50 ms). For instance, Dieterich et al. 
(1989) found that the latency of a vestibulospinal reflex evoked by a sound stimulus to the 
otolith (480±20 Hz, 95 db(A)) that was recorded as EMG activity from lower limb muscles 
during upright stance occurred at a latency of 52 ms in the ipsilateral gastrocnemius muscle 
and 47 ms in the ipsilateral tibialis anterior muscle (Dieterich et al., 1989). 
If these responses observed by Andersson and Magnusson (2002) and Dieterich et al. (1989) 
were mediated by a cognitive process, the latency of the EMG response should be much 
longer. Therefore, Andersson and Magnusson (2002) concluded that the observed medium 
latency EMG response after the application of the dorsal neck vibratory stimulus is due to a 
central delay that is required to intergrate neck and vestibular inputs to adapt the postural 
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context, but not by a voluntary movement against the perceptual illusion of postural 
perturbation that was induced by neck vibration (Andersson and Magnusson, 2002). 
 
Also, as stated above, Kennedy and Inglis (2002) showed that the EMG response of the soleus 
muscle depended on the GVS polarity as well as direction of tonic neck rotation in relaxed 
prone subjects. This suggests that the effect of the interaction between neck and vestibular 
inputs can be observed even when the subject is not performing motor tasks (Kennedy and 
Inglis, 2002). 
Hence, combined inputs from vestibular and neck afferents induced by either a vibratory 
stimulus or neck rotation can modify lower motoneuron excitability without execution of any 
motor tasks, therefore, this response is not task dependent. This further suggests that the 
observed changes in lower motoneurons resulting from the modulation of neck afferent inputs 
involve direct vestibulospinal driving to some degree. 
  
    2.10.3 Context dependent interaction of vestibular and neck 
inputs 
There is some evidence suggesting that the influence of the convergence of vestibular and 
neck inputs on the postural response depend on the postural context. 
As mentioned above, Fitzpatrick (1994) investigated the effect of GVS on the EMG recorded 
from the right lower limb muscles with different neck rotation in standing subjects. In their 
study, an anodal stumulus was applied over the right mastoid process. When the GVS was 
applied while the subjects’ head was rotated toward the left side, there was a decrease in the 
amplitude of the soleus EMG from its mean value. On the other hand, there was increase in 
EMG activity when anodal stimulation to the right mastoid was combined with right head 
rotation (Fitzpatrick et al., 1994). 
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In standing subjects, Iles and Pisini (1992) who performed a similar study, showed that an 
increase in EMG activity recorded from both soleus muscles occured when an anodal galvanic 
stimulus applied to the right mastoid process was accoumpanied by right head rotation. In 
contrast, the EMG activity of the soleus muscles decreased when a cathodal stimulus applied 
to the right mastoid process was combined with right head rotation (Iles and Pisini, 1992c). 
However, Kennedy and Inglis (2002) observed the opposite response when the same stimuli 
were applied when the subjects lay prone. They showed that the largest inhibition of the H-
reflex appeared when an anodal stimulus was applied to the ipsilateral mastoid process with 
ipsilateral head rotation. They suggested that different body postures, prone or standing, may 
influence the characteristic of the vestibulospinal response (Kennedy and Inglis, 2002). This 
proposal is in agreement with that of Manzoni et al. (1998) that “the spinocerebellum not only 
controls the gain of the vestibulospinal reflexes, but also adapts their spatial characteristic to 
the body-centred reference frame” (Manzoni et al., 1998). These authors also suggested that 
the convergence of somatosensory inputs through the cerebellum tunes and modifies reflex 
and voluntary movements, and generates a final motor output appropriate to the behavioural 
goal (Manzoni, 2005). This study argued that neck afferents may give rise to an appropriate 
response of lower limb muscles by modifying the spatial organization of vestibulospinal 
reflexes depending on the requirements of body stability, and that the anterior cerebeller 
vermis may play an important role to modify the reference frame of the body according to 
changes in relative position of the head and the body (Manzoni et al., 1999). Therefore, neck 
inputs have a role in shaping the output of the vestibular nuclei (Manzoni et al., 1999, 
Gdowski and McCrea, 2000) 
Therefore, the impact of the neck inputs that interact with vestibular signals may depend on 
the postural context of the body.  
2.11  Conclusion 
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This literature review discussed how afferent signals arising from neck muscle spindles 
contribute to regulation of the excitability of limb motoneurons. The starting point of this 
thesis were studies such as the Traccis et al. (1987) study that demonstrated changes in the 
excitability of the lower limb spinal reflex in the relaxed Human using prolonged body-to-
head rotation (Traccis et al., 1987). The findings of this study implied that the neural pathway 
of the tonic neck reflex remains active in the adult Human. Also, it showed that a change in 
neck proprioceptive afferent inputs affects not only the perceptual sensory experience of 
where the body is in space and where it moves to, that is – the egocentric reference frame, but 
also motoneuron excitability because modulation of H-reflex amplitude with different body-
to-head rotation was observed in relaxed subjects. Anatomical studies in animals also support 
this proposal, and these suggest that afferent signals from the neck muscle spindles are a 
likely candidate that contributes to vestibulospinal descending pathways that control the limb 
extensor muscles.  
Therefore the first objective of this thesis was to investigate whether changes in the rate of 
discharge of neck muscle proprioceptive afferents can be reflected in the amplitude of the 
spinal reflexes when the subject is not performing postural task.  
Also, it was suggested that change in the neck proprioceptive inputs induced by neck rotation 
alter vestibular-driven modulation of lower motoneuron excitability. However, many of the 
studies that were mentioned in section 2.10 used a postural response, that is, the subject 
responded to the modified internal reference frame. Kennedy and Inglis (2002), however, 
used a GVS in relaxed (prone) subjects. They also found that motoneuron excitability was 
modulated by changes in neck afferent input using neck rotation. However, GVS is a strong 
(artificial) stimulus and the changes in H-reflex amplitude observed were small. Therefore, 
the second objective of this thesis was to investigate the interaction between neck muscle 
proprioceptive afferents and vestibular inputs using natural neck and vestibular stimuli.  
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The following chapter will describe details of the experimental tools employed in current 
study. 
 
  
 
 
 
 
 
Chapter 3 
ExperimentalTools 
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3.1 Introduction 
In this chapter, details of the experimental tools used in this thesis are presented. Even though 
features of some of the experimental tools have already been discussed in the previous chapter 
(Chapter 2), this chapter will detail their protocols and specifications. Knowledge of these 
tools is necessary to understand the discussion in subsequent chapters. 
 
3.2 Human experiments informed consent 
All experiments were conducted in Human subjects. Subjects were all healthy and had no 
history of neurological disease, vestibular disorder, musculoskeletal problem or injury and 
pain to either the lower extremities or the neck. No subject admitted to taking any medication 
that influenced the central nervous system or peripheral nervous system. Experimental 
protocols were approved by the RMIT University Human Research Ethics Committee 
(HREC) – see relevant appendices for plain language statements (PLS), consent forms, and 
ethics approvals. Appendix numbers for specific studies are provided in relevant chapters of 
this thesis. 
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3.3 Hoffman’s Reflex (H-reflex) 
 
    3.3.1 General statements 
The Hoffmann (H-) reflex is has been used to examine the characteristics of the reflex arc 
from the Ia afferent fibres to the spinal motoneuron by applying a percutaneous electrical 
stimulus to the afferent fibres (Kandel et al., 2000). A low intensity and short duration 
electrical stimulus will recruit only the larger diameter fibres of this mixed nerve. The H-
reflex is used in many studies as a measurement and indicator of motoneuron excitability 
(Traccis et al., 1987, Aiello et al., 1992, Pierrot-Deseilligny and Mazevet, 2000).  In the 
experiments of this thesis, the H-reflex was evoked from stimulation of the posterior tibial 
nerve to assess the excitability of the motoneurons of the soleus muscle. 
In order to elicit the H-reflex in the soleus muscle, a constant current electrical stimulus was 
delivered percutaneously to the tibial nerve. The electrical stimulus preferentially excites 
spindle afferent fibres of the soleus muscle. Excitation of these fibres in turn induces a reflex 
contraction of the soleus muscle via activation of their motoneurons in the spinal cord. The 
size of the reflex contraction, recorded by measuring the electrical activity of the soleus 
muscle using surface electromyography (SEMG) gives a measure of the degree of soleus 
motoneuron excitability. 
When conditions within both the soleus muscle and the CNS are relatively constant, the size 
of the reflex contraction should also remain constant. In this way, it is possible to determine 
whether a change in neck proprioceptive input is capable of altering lower limb motoneuron 
excitability. 
The electrical stimulus was delivered to the tibial nerve percutaneously using a Digitimer 
constant current stimulator model DS7A (Digitimer Ltd, Weleyn Garden City, Hertford Shine, 
England,). This stimulator is approved for use with Humans. The stimulus duration was one 
millisecond. A cathode electrode (Blue sensor electrode DK-3650φlstykke, Ambu, Denmark) 
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was placed in the right popliteal fossa. A copper plate sized 50 x 95 mm, was used as the 
anode and was positioned over the right anterior thigh above the patella. Aqueous gel was 
applied between the copper plate and the skin to improve electrical conduction 
(Aquasonic100 Ultrasound Transmission Gel, Perker Laboratories, Inc. U.S.A.) and tape was 
used to secure the copper plate to the thigh.  To record the SEMG signal of the reflex 
contraction, two adhesive electrodes were placed on the skin overlying the right soleus 
muscles. The inter electrode distance was two centimetres. A copper plate sized 50 x 95 mm 
was placed on the skin overlying the muscle belly of the right triceps surae muscles as an 
earth electrode. Aqueous gel was applied to the skin-side of the plate to improve electrical 
transmission. Electrical signals of the reflex muscle activity detected by the electrodes were 
fed into a PowerLab/8sp ML785 (ADInstruments Pty Ltd, Castle Hill, NSW, Australia) data 
acquisition system after amplification using the BioAmp ML132 (ADInstruments Pty Ltd, 
Castle Hill, NSW, Australia). The amplified electrical signals processed by the PowerLab 
were then stored on a personal computer (Microsoft Windows operating system, Microsoft 
Corporation) running Scope version 3.7.7 software (ADInstruments Pty Ltd, Castle Hill, 
NSW, Australia) for off-line analysis. All electrical equipment was connected to the mains 
power outlet via a core leakage detector. 
The subject’s right foot was secured to the foot plate by velcro straps so as to minimize 
changes in foot movement during the reflex contraction.  
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Figure 3.1. Diagram of the H-reflex pathway 
This diagram shows the main pathway of the H-reflex in the spinal cord. The largest mixed 
nerve fibres that consist of Ia afferent fibres and alpha efferent fibres were electrically 
stimulated by electrodes at the popliteal fossa. The electrical pulse excites the Ia afferents 
and via the reflex arc, alpha motoneuron in the spinal cord. The excited motoneurons induce 
a muscle contraction of the innervated muscles (H-reflex). Since the electrical pulse is 
applied to the mixed nerve, a direct muscle response is also induced by stimulation of alpha 
efferent fibres (M response). 
 
When the tibial nerve is electrically stimulated, two waves, the H-reflex and M response are 
observed on the surface electromyogram recorded from soleus muscle. The H-reflex 
represents the reflex muscle contraction by activation of Ia afferent fibres. The M response is 
a muscle contraction induced by direct stimulation of motor fibres. Because the electrical 
stimulus activating the motor fibre travels directly to the muscle, it induces a muscle 
contraction with shorter latency in comparison to the H-reflex. This M response is unaffected 
by changes in the motoneuron excitability, therefore, this M response can be used as an 
indication of that the electrical stimulus is always delivered to the mixed nerve at the same 
intensity. A maximal M response was first obtained so as to decide the intensity of the test 
stimulus at an intensity of 30 – 40 % of that intensity which evoked a maximal M response for 
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each subject. The reason for this will be explained in the next section (3.3.2). By using an 
electrical stimulus of the same intensity, changes in motoneuron excitability can be reflected a 
changes in H-reflex amplitude. 
 
    3.3.2 H-reflex stimulus growth curve 
Before the actual experiment started, a ‘stimulus growth curve’ was constructed to determine 
the appropriate current intensity to evoke a usable-sized reflex. It was important to have a 
constant stimulus intensity so that reflex amplitude could be compared within individual 
subjects. 
 
Figure 3.2. An example of a stimulus growth curve of the H-reflex 
This graph shows an example of the stimulus grows curve of the H-reflex. The blue line 
represents changes in H-reflex amplitude as stimulus intensity increases. The H-reflex 
amplitude increases in proportion to the stimulus intensity until a certain point (15 mA in 
above graph). After that the amplitude of the H-reflex starts to decrease with higher stimulus 
intensities. In order to determine what stimulus intensity was to be used for each experiment, 
two criteria was used. First, the M wave needed to be reproducible and of reasonable size. 
Second, the H-reflex size should be on the ascending limb of the H-reflex curve. The M 
wave indicates that the H-reflex is always induced by the same stimulus intensity. 
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To construct the stimulus growth curve, the intensity of the electrical stimulus delivered to the 
right tibial nerve was adjusted and progressively increased. The size of each H-reflex and M 
response was calculated. As the stimulus intensity increases, the size of the H-reflex increases. 
However, the amplitude of the H-reflex starts to decrease after the stimulus intensity exceeds 
a specific value, and it reaches almost zero with higher stimulus intensities. Meanwhile, the M 
response continues to grow in proportion to an increase in stimulus intensity. It then plateaus 
to a constant size – regardless of an increase in stimulus intensity. At this point, all motor 
fibres have been recruited. The largest M response obtained is called the maximal M response.  
The reason why the H-reflex amplitude starts to decrease and finally approaches zero is due to 
collision of the orthodromic motor volley with the antidromic motor volley evoked by the 
electrical stimulus. Smaller electrical stimuli excite the largest sensory (spindle) afferent 
fibres that then reflexly excite (recruit) smaller motoneurons that innervate slow motor units. 
Then, as stimulus intensity increases, reflex recruitment of larger motoneurons innervating 
faster motor units occurs. This recruitment strategy according to motoneuron size is known as 
the ”size principle” of motoneuron recruitment. On the other hand, a direct electrical stimulus 
delivered to the motor axons excites the largest diameter motor axons innervating fast motor 
units. Therefore, the H-reflex and M response activate motoneurons and motor axons of 
opposite size. As stimulus intensity increases, the size of the motoneurons reflexly activated 
increases. Simultaneously, smaller motor axons are activated directly. Importantly, the 
electrical volley delivered to the motor axons also antidromically excites the motor axons. 
The antidromic action potential collides with the action potential of the in alpha motor axons 
whose motoneurons have been reflexly activated by the incoming afferent signal. This 
collision results in the descending part of the H-reflex recruitment curve. Since the larger 
motoneurons in which the collision of the H-reflex and antidromic M response take place are 
the least sensitive to an increase or decrease of excitability of the motoneuron pool, the H-
reflex that constitutes the descending limb of the H-reflex recruitment curve does not reflect 
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the modulation of the excitability of the motoneuron pool (Pierrot-Deseilligny and Mazevet, 
2000). Therefore, the H-reflex stimulus intensity for the experiment should not be chosen 
from those that evoke an H-reflex amplitude that constitutes part of the descending curve. In 
the current study, stimulus intensity was adjusted to elicit a reflex of about 30-40 % maximal 
H-reflex size in the control position.  
 
The actual delivered electrical current to the tibial nerve can be changed if the relationship 
between the electrode and the underlying nerve is changed for example, by any displacement 
of the skin. Therefore, it is necessary to monitor and confirm that the same intensity of the 
electrical stimulus is always delivered. To do so, the M response was always monitored. As 
the M response is evoked by direct electrical stimulus of motor axons, a constant M response 
is used as evidence of constant stimulus conditions. 
 
3.4 Tendon jerk 
The tendon jerk is a spinal reflex that can be easily evoked by briefly stretching the muscle. 
Clinically, the tendon jerk is evoked by tapping the tendon of a muscle with a reflex hammer. 
This reflex is used as a clinical tool to clinically examine the integrity of the reflex arc.  
A tap to the tendon causes a quick and small muscle stretch that results in activation of its 
muscle spindles. The afferent inputs from the muscle spindle - stretch-velocity sensitive group 
Ia afferents from muscle spindles - travel to the spinal cord and make synaptic connection 
with alpha motoneurons in the anterior horn. Signals from motor axons of the activated alpha 
motoneurons induce a contraction of the stretched muscles and their synergists. By applying a 
tap to the tendon with a constant force, it is possible to assess change in the excitability of the 
motoneurons. 
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Figure 3.3. Diagram of the tendon jerk pathway 
This diagram shows the basic pathway of the tendon jerk. A tap applied to the tendon 
induces a transient muscle stretch. This stretch stimulates many muscle spindles in the 
muscles and subsequently Ia afferent signals. This afferent input travels to the spinal cord 
through the dorsal horn to activate alpha motoneurons. A muscle contraction induced by this 
efferent signal is recorded by the surface electromyogram (SEMG). Even though this 
diagram only shows monosynaptic connections, as mentioned in Chapter 2 (Section 2.4), the 
tendon jerk involves oligosynaptic pathways as well.  
 
In the current study, the tendon jerk was evoked in the triceps surae muscles by a 
counterbalanced tendon hammer. This hammer consists of a metal bar pivoted around its 
centre. The metal bar is weighted at one end and rubber coated hammer head is located at the 
other end. The metal bar is released by a spring-loaded clamp. This structure allows the 
hammer head to deliver a tap to the tendon at a constant velocity regardless of the 
gravitational environment. The velocity control of the hammer was regulated by changing the 
spring tension so that a subject receives an appropriate force of tapping (Gregory et al., 1998). 
The hammer includes a battery-driven trigger that supplies an electrical signal to the digital 
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acquisition system when the metal bar is released by clamp. This trigger allows the 
investigator to record soleus reflex SEMG at the appropriate timing. 
For the recording of the tendon jerk, two adhesive Ag-AgCl electrodes (Blue Sensor electrode 
DK-3650φlstykke, Ambu, Denmark) were placed on the skin overlying the right soleus 
muscle. The interelectrode distance was set at three centimetres.  A copper plate earth 
electrode sized 50 x 95 mm was attached to the skin overlying the muscle belly of the triceps 
surae muscles above the recording electrodes. Electrical transmitter gel (Aquasonic100 
Ultrasound Transmission Gel, Perker Laboratories, Inc. U.S.A.) was applied between the 
copper plate and the skin. Electrical signals of reflex muscle activity detected by the 
electrodes were fed into the PowerLab/8sp ML785 (ADInstruments Pty Ltd, Castle Hill, 
NSW, Australia) data acquisition system through a BioAmp ML132 (ADInstruments Pty Ltd, 
Castle Hill, NSW, Australia). The amplified electrical signals processed by the PowerLab 
were then stored on a personal computer (Microsoft Windows operating system, Microsoft 
Corporation) running Scope version 3.7.7 software (ADInstruments Pty Ltd, Castle Hill, 
NSW, Australia) for off-line analysis. All electrical equipment was connected to the mains 
power outlet via a core leakage detector. 
 
3.5 Muscle conditioning  
 
    3.5.1 Muscle thixotropy 
As explained in the literature section (See section 2.5.1), intrafusal fibres of muscle spindles 
form stable cross bridges between myosin and actin filaments. Normally, muscle contraction 
results in active cross bridge cycling, and in turn, destruction of stable cross bridges. 
Immediately after a muscle contraction, stable cross bridges once more begin to form at 
whatever length the muscle happen to be at, as long as the muscle is relaxed (Proske et al., 
1993). This formation of stable cross bridges stiffens the intrafusal fibres. Therefore, if the 
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muscle is passively shortened after forming stable cross bridges, the intrafusal fibres will fall 
slack, because the stiffened sarcomeres of the muscle fibres cannot absorb the shortening 
length. On the other hand, if the muscle is passively lengthened, the muscle fibres become 
tight (Proske et al., 1993). 
 
    3.5.2 Muscle conditioning Procedure 
Proske’s group (See (Proske et al., 1993)) has established muscle conditioning as a technique 
that systematically alters the mechanical sensitivity of muscle spindles, and changes the level 
of resting discharge of muscle spindle afferents in a predictable way. 
In the studies of this thesis, the muscle conditioning technique was used for the triceps surae 
muscles as well as the dorsal neck muscles. It has been confirmed that muscle conditioning 
can modulate the mechanical sensitivity and resting discharge of the muscle spindles in the 
limb muscles (Morgan et al., 1984b, Gregory et al., 1991b), however, it is not known whether 
this technique is capable of altering the level of resting discharge of muscle spindles of the 
neck muscles. 
The procedure of muscle conditioning is as follows (see Figure 3.4.). 
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Figure 3.4. Muscle conditioning procedure 
This diagram shows the procedure of the muscle conditioning. The vertical axis expresses 
length of the muscle to be conditioned. Horizontal axis expresses time. The sine wave 
indicates an isometric muscle contraction. Muscle conditioning is consists of two procedures 
- known as hold-long and hold-short procedures. The upper solid line shows the hold-long 
protocol. First, the muscle is passively stretched, then a voluntary isometric contraction is 
performed by the subject for three seconds. The subject is then asked to relax their muscles 
and remain relaxed for the rest of the protocol. Five seconds after the end of isometric 
contraction, the muscle is passively returned back to its original position. The lower solid 
line shows the protocol for hold-short conditioning. This is achieved by shortening the 
muscle instead of lengthening it. 
 
        3.5.2.1 Muscle conditioning of triceps surae muscles 
For experiments conducted in the seated position, the subject was seated in a custom built 
chair. The right foot was placed on a foot plate that could be adjusted along the sagittal plane. 
Velcro strap was used to stabilize the right foot on the foot plate. The foot plate could be 
rotated around a rotational axis of the right ankle joint in the sagittal plane so that 
plantarflexion or dorsiflexion of the right foot joint could be performed. 
First, the length range of triceps surae muscles between dorsiflexion and plantarflexion was 
determined to find the length of the muscles and mid-point of this range. The intermediate 
position for the muscle conditioning procedure was set at this mid-point. For muscle 
conditioning, the muscle was passively stretched or shortened by rotating the foot plate into 
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dorsiflexion or plantarflexion, 20 degrees from its intermediate position. This degree 
increment was adjusted to either 15 or 25 degrees when the modulation of the reflex 
amplitude was not clearly observed. The subject was then asked to isometrically contract their 
triceps surae muscles for three seconds at an intensity of 10–20 % of their maximum 
voluntary contraction power (MVC).  
Preliminarily to the experimental trials, the MVC was first obtained by asking the subject to 
voluntarily contract their triceps surae muscles with full force. To ask subjects to contract 
their triceps surae muscles, the examiner instructed “Please try to stand on your toes”. The 
EMG signals of this MVC were displayed on the PC monitor, and then the appropriate 
contraction intensity (10-20 % of MVC) was estimated from the EMG amplitude. This was 
indicated by the examiner. The ongoing EMG amplitude was able to be observed by the 
subject so that biofeedback could be used to allow the subject to learn the level of force of 
contraction required at an intensity of 10–20 % MVC. This training was completed before the 
blindfold was applied to the subject.  
Immediately after the isometric contraction, the subject was asked to relax their muscles for 
five seconds. During this period, stable cross bridges that were broken by the voluntary 
contraction reformed at the held length. After this period, the muscle was passively brought 
back to the intermediate test position. By this means, the mechanical sensitivity of the muscle 
spindles could be modulated slack (hold-long muscle conditioning) or tight (hold-short 
muscle conditioning) in a predictable way. 
 
In the supine posture, the subject lay on a custom built tilt table in either the horizontal or 30 
degree tilt position. The right foot was raised and placed on a foot plate that was modulated to 
an aluminium frame attached to the table. This foot plate was able to rotate around an axis 
coincident with the ankle joint so that the plantarflexion or dorsiflexion of the right foot joint 
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could be performed. The right leg was supported by means of foam so that the subject could 
remain relaxed.   
The length range of the right triceps surae muscles between dorsiflexion and plantarflexion 
was first determined to find the length range of the muscles and the mid-point in this range. 
The intermediate position for the muscle conditioning procedure was set at this mid-point. 
The muscle was passively stretched or shortened by rotating the foot plate into dorsiflexion or 
plantarflexion, 20 degrees from its intermediate position. This degree increment was adjusted 
to either 15 or 25 degrees when the modulation of reflex amplitude was not clearly observed. 
The subject was then asked to isometrically contract their triceps surae muscles for three 
seconds at an intensity of 10–20 % of their maximum voluntary contraction power (MVC) 
and then asked to remain relaxed. Five seconds after the completion of the contraction, the 
right foot was passively brought back to its original position. 
 
        3.5.2.2 Dorsal neck muscle conditioning 
In this thesis, muscle conditioning was also applied to the neck muscles – either the left neck 
rotator muscles in seated subjects or bilateral dorsal neck muscles in the supine position.  
 
Muscle conditioning of the left neck rotator muscles in seated subjects proceeded in the 
following way. Subjects were seated in a custom built chair (for details see Chapter 4) that 
allowed the subjects’ body to rotate around the vertical axis of the neck. The head of the 
subject was stabilized by a head frame. To stretch or shorten the left neck rotator muscles, the 
subjects’ body was rotated left (stretch) or right (shorten) by 10 or 30 degrees. The subject 
was then asked to isometrically contract their left neck rotator muscles. This was achieved by 
asking the subject to try to rotate their head towards the left side and push against the applied 
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resistance that was provided by the examiner’s hand positioned over the maxilla. This 
isometric contraction was performed at an intensity of 10-20 % of the MVC for three seconds.  
The MVC was first obtained by asking the subject to voluntarily contract their left neck 
rotator muscles with full force. The EMG signals of this MVC were displayed on the PC 
monitor, and then the appropriate contraction intensity (10-20 % of MVC) was estimated 
from the EMG amplitude. This was indicated by the examiner. The ongoing EMG amplitude 
was able to be observed by the subject so that biofeedback could be used to allow the subject 
to learn the level of force of contraction required at an intensity of 10–20 % MVC. This 
training was completed before the blindfold was applied to the subject.  
The subject then relaxed and remained relaxed for the duration of the trial.  Body position was 
maintained for five seconds to allow the stable cross bridges to reform. After that, the body 
was passively brought back to the original position.  
 
Bilateral dorsal neck muscle conditioning was performed in the supine posture, when the 
subjects’ body was either in a horizontal position or tilted head up to 30 degrees. The subject 
lay on a custom tilt table that was originally designed for chiropractic practice. This table can 
be tilted from horizontal to nearly vertical, however for this study, only 30 degrees tilt was 
used. The table has a head piece that can be rotated in the sagittal plane, in both the flexion 
and extension direction by approximately 30 degrees. Head piece motion was motorized so as 
to maintain a consistent velocity of movement. A plastic sheet was inserted between the 
surface of the head piece and the head of the subject to reduce frictional forces during head 
movement. To perform muscle conditioning, the head piece was passively moved in the 
direction of either head flexion or extension by 28 degrees. The subject was then asked to 
bilaterally contract his/her dorsal neck muscles at an intensity of 10–20 % of the MVC for 
three seconds.  
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The MVC was first obtained by asking the subject to voluntarily contract their dorsal neck 
muscles with full force. Each subject was asked to extend their head backwards “as if they 
were trying to look behind them” in order to isometrically contract their dorsal neck muscles. 
The EMG signals of this MVC were displayed on the PC monitor, and then the appropriate 
contraction intensity (10-20 % of MVC) was estimated from the EMG amplitude. This was 
indicated by the examiner. The ongoing EMG amplitude was able to be observed by the 
subject so that biofeedback could be used to allow the subject to learn the level of force of 
contraction required at an intensity of 10–20 % MVC. This training was completed before the 
blindfold was applied to the subject.  
After completion of the isometric contraction, the subject was asked to remain relaxed. Five 
seconds later, the head piece was passively returned back to its original intermediate position. 
 
3.6. Muscle vibration 
This study used two methods to modulate the level of resting discharge of muscle spindle 
afferents of the neck. The first method - muscle conditioning was described above. The 
second tool was vibration applied to the muscles. It is well known that a low amplitude and 
high frequency vibratory stimulus can activate muscle spindle primary endings, in turn; an 
increase in Ia afferent discharge of the vibrated muscles (Roll et al., 1989). The vibratory 
stimulus applied to the muscle tendon is equivalent to a consecutive tapping stimulus to the 
tendon, resulting in consecutive small phasic stretches of the muscle. As the muscle spindle 
primary endings are especially sensitive to phasic stretch of the muscles, they can be activated 
by the vibratory stimulus. 
It has been reported that muscle spindle primary afferents are especially sensitive to a low 
amplitude vibratory stimulus (0.2 to 0.5 mm). On the other hand, muscle spindle secondary 
endings and Golgi tendon organs respond to larger amplitude vibratory stimuli in Humans 
(Burke et al., 1976, Roll and Vedel, 1982, Roll et al., 1989).  
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The frequency range of the response of the Ia primary afferents is locked 1:1 to the stimulus 
frequency when the stimulus frequency is between 80 to 100 Hz (Roll et al., 1989). 
Meanwhile, the secondary endings of muscle spindles do not respond to a higher frequency 
vibratory stimulus. According to Roll et al. (1989), the secondary endings do not respond to a 
vibratory stimulus in a 1:1 manner if the vibratory frequency is beyond the 10 to 20Hz range. 
It is also difficult to activate Golgi tendon organs by a high frequency vibratory stimulus, 
especially when the muscle is not tonically activated or tensioned. It has been reported that 
the response of the Golgi tendon organs to a vibratory stimulus is 1:1 only when a low 
frequency vibratory stimulus, up to 10 Hz, is applied (Roll et al., 1989). Higher stimulus 
frequencies resulted in sub-harmonic or random responses of the Golgi tendon organs (Roll et 
al., 1989). Recently, however, it was shown that a low-frequency sinusoidal vibratory 
stimulus applied on the tendon also activates secondary endings, and that Golgi tendon organs 
are also activated when the vibrated muscles are actively generating force (Fallon and 
Macefield, 2007). 
When a vibratory stimulus is applied to relaxed muscles, a tonic muscle contraction occurs 
(Matthews, 1966), and it also induces an illusion as if the vibrated muscles are stretched 
(Goodwin et al., 1972a, Goodwin et al., 1972b). For instance, when the neck muscles are 
vibrated, an illusion as if the head is displaced is induced (Lackner and Levine, 1979, Karnath 
et al., 1994b). These effects can be observed even after the offset of the vibratory stimulus 
(after-effect) in the elbow joint (Gilhodes et al., 1992) and in postural control (Wierzbicka et 
al., 1998, Duclos et al., 2007).  
 
In this thesis, a columnar shaped custom-built electro-mechanical vibrator (DC motor, 80Hz, 
Scientific Concepts, Glen Waverley, Australia) was used.  The vibrator consists of a DC 
motor with an eccentric shaft that is encapsulated in a plastic cylindrical case that measured 
77 mm in length and 34 mm in diameter (9.07 cm2). The vibration frequency is adjustable 
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between 40 and 120 Hz. The amplitude of vibration was specified at approximately 1.5 mm. 
A vibration frequency of 80 Hz was used in the current studies. It was attached on the skin 
overlying the dorsal neck muscle by an elastic bandage. To power this vibrator, a compact 
portable EP-613 series DC power supply (DCSS, 0-30 V, 2.5 A) was used. 
 
3.7 Surface Electromyography 
Surface electromyography (SEMG) was used in this thesis to record the H-reflex and tendon 
jerk as well as to monitor muscle activity during muscle conditioning applied to the dorsal 
neck and right triceps surae muscles. 
Surface electromyography measures the electrical activity that is generated in the excited 
muscle fibres.  
When the motor neurons are excited, the axonal terminals of the motoneurons release 
neurotransmitter in the synaptic cleft. Released transmitter binds with acetylcholine (Ach) 
receptors on the sarcolemma. This produces a local end plate potential, and then an action 
potential is generated along the sarcolemma and transmitted to the T tubules. This electrical 
potential then activates the sarcoplasmic reticulum and Ca2+ ions are released.  
Electromyography detects action potentials generated along the sarcolemma of active muscle 
fibres. The electrodes placed on the skin overlying the muscle belly pick up these action 
potentials travelling along muscle fibres and detect the voltage difference between the two 
electrodes. The signal is amplified over time by an amplifier. Since the electrodes of the 
SEMG are placed on the skin, the electrical potential needs to be transmitted through the 
subcutaneous tissues including fat tissue. 
 
In order to record the SEMG of the soleus and neck muscles, the skin was cleaned to remove 
oil and dirt using a swab soaked in 70 % alcohol. After that, electrodes (Blue sensor electrode 
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DK-3650φlstykke, Ambu, Denmark) were placed on the skin overlying the soleus muscle and 
neck muscles. 
 
For soleus muscle recording, two adhesive electrodes were placed on the skin overlying the 
right soleus muscle, below the gastrocnemius muscle.  The inter electrode distance was two 
centimetres. A reference electrode was placed over the belly of the triceps surae muscles.  
 
The activity of the dorsal neck muscles and bilateral sternocleidomastoid muscles were also 
recorded to check those muscles were maintained in a relaxed state. A pair of electrodes was 
placed on the bellies of the dorsal neck muscles, three centimetres apart from the midline at 
the C2 level. Two pairs of electrodes were placed on the bellies of the sternocleidomastoid 
muscles, 1.5 cm apart, along a parallel line to the muscle fibres. Reference electrodes were 
placed over the spinous process of T1 and C7 respectively (Cram et al., 1998). Electrode 
placement was after Cram et al. (1998) 
 
Electrical signals of the muscle activity detected by the electrodes were fed into the 
PowerLab/8s M8874 (ADInstruments Pty Ltd, Castle Hill, NSW, Australia) data acquisition 
system through a BioAmp ML132 (ADInstruments Pty Ltd, Castle Hill, NSW, Australia) or 
DualBioAmp DB065 (ADInstruments Pty Ltd, Castle Hill, NSW, Australia) using a sampling 
rate 1024/sec. The amplified electrical signals processed by PowerLab were then stored on a 
Macintosh computer system (Power Macintosh G3, Apple Computer Inc.) running Chart 
version 4.1.1 software (ADInstruments Pty Ltd, Castle Hill, NSW, Australia) for off-line 
analysis. The SEMG signals were filtered using a bandwidth of 10-500 Hz and a 50 Hz notch 
filter.  
To monitor the changes in degree of the right foot joint associated with muscle conditioning, a 
sensor signal processor (Scientific Concepts, Glen Waverley, Australia) was attached to the 
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foot plate. Signals from the rotational sensor were fed into the PowerLab/8s M8874 
(ADInstruments Pty Ltd, Castle Hill, NSW, Australia) data acquisition system, and then 
stored on a Macintosh computer system (Power Macintosh G3, Apple Computer Inc.) running 
Chart version 4.1.1 software (ADInstruments Pty Ltd, Castle Hill, NSW, Australia) for off-
line analysis. 
All electrical equipment was connected to the mains power outlet via a core leakage detector. 
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3.8 Face-up whole body tilt 
In Chapter 8, face-up whole body tilt in the sagittal plane was induced by a motorised tilt 
table that was originally designed for chiropractic practice (See Chapter 8 and Figure 8.2). 
This tilt table is electrically operated. The tilt table could be rotated from 0 degree to 30 
degree and vice versa at a rotation speed of approximately six degrees per second. A steel 
frame was attached to the right side of the table so that a foot plate unit could be mounted to it. 
This foot plate unit is the same apparatus that is used in Chapter 4 to 7. Foam blocks were 
placed under the right limb and under the left sole. The subjects’ body was stabilized using 
velcro straps placed around the subject’s pelvis and upper trunk to prevent their body from 
slipping down the table during tilt. At 30 degrees whole body tilt, subjects were required to 
support their weight by their left leg, and relax their right leg. Electromyographic signals from 
the right soleus muscles were monitored to confirm that these muscles were not activated. 
This was necessary to maintain triceps surae muscles relaxation at appropriate times during 
and after the triceps surae muscle conditioning since any muscle activation would cancel out 
the effect of this technique. 
To initiate tilt, a pedal switch was activated. When the switch is released, tilt movement stops. 
To stop the tilt movement at 30 degrees, a weight was attached underneath the head piece of 
the tilt table using a rope of defined length (sine 30 degrees of the long axis of the table). 
When the weight was placed on the switch that was positioned under the head piece, tilt of the 
table was initiated. As the tilt table approaches 30 degrees, the length of rope attached to the 
weight straightens to the point where the weight is lifted off the pedal. At this point, the table 
stops its motion towards vertical. Using this mechanism, 30 degrees face-up whole body tilt 
was able to be constantly induced. 
 
The head piece of this tilt table also rotates in the sagittal plane, in the direction of head 
flexion and extension by 28 degrees. This rotation was motorised to maintain a constant 
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rotation velocity by a motor attached to the table. The rotation velocity was 5.6 degrees per 
second. To power this motor, a compact portable EP-613 series DC power supply (DCSS, 0-
30 V, 2.5 A) was used. A plastic sheet was inserted between the head and the head piece so as 
to minimize frictional forces during head and neck movement. 
To monitor the rotational motion of the head piece, a tilt sensor signal processor (Scientific 
Concepts, Glen Waverley, Australia) was attached to the head piece. Signals from the tilt 
sensor were fed into the PowerLab/8s M8874 (ADInstruments Pty Ltd, Castle Hill, NSW, 
Australia) data acquisition system, and then stored on a Macintosh computer system (Power 
Macintosh G3, Apple Computer Inc.) running Chart version 4.1.1 software (ADInstruments 
Pty Ltd, Castle Hill, NSW, Australia) for off-line analysis.  
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4.1 Introduction 
It is believed that the structure of the neck developed about 300 million yeas ago, when 
aquatic biota such as fishes came out of the water and evolved to live on the land, which 
means that they were exposed to the force of gravity.  
In the water, fish can maintain their body with buoyant force that counters gravitational forces 
in the water. Therefore, no matter what direction their head (and body) is oriented, it is not 
necessary for fish to stabilize their body. 
However, unlike fish, ground dwelling organisms can no longer benefit from buoyant forces. 
Terrestrial beings’ body and limbs must stay on the ground. The neck was developed to allow 
the head to explore an extensive range in space meanwhile the body is stabilized on the 
ground. This head movement facilitated the search for prey as well as performing other 
information-gathering exercises (Berthoz et al., 1992). Also, the neck allows for the head to 
be steady regardless of the position of the body and limbs that dynamically alter their position. 
The motor system of the limbs receive sensory information from themselves while sensory 
information is also received from the head, and their inputs provide for maintenance of 
posture and stable locomotion. 
However, the sensory inputs from the head, especially the vestibular apparatus per se do not 
provide information about body orientation, because the head and body are separate segments. 
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Therefore, vestibular inputs by themselves cannot provide appropriate information that allows 
the limbs to control posture; especially when the body is not aligned with the head. It is 
necessary to have information of head movement and posture relative to rest of the body due 
to the independence of the head. To solve this problem, sensory information from the neck 
fills this gap between the head and the body. 
 
It is suggested that afferent inputs from the neck play an important role in postural control 
including the reflex regulation of posture. One example of a neck reflex is the tonic neck 
reflex. The tonic neck reflex (TNR), as described in section  2.2.3, is a primitive reflex that 
was first described by Magnus and DeKleijin (1924) [as cited by (Bearzoti, 1997)]. This 
reflex disappears within the first few months after birth in Humans (Capute et al., 1982).  
However, it has been suggested that the neural pathways of the TNR still remain even in the 
healthy adult Human (Tokizane et al., 1951, Ikai, 1950, Ikai, 1951, Fukuda, 1961, Traccis et 
al., 1987, Aiello et al., 1992). Traccis et al. (1987) showed changes in H-reflex amplitude with 
different tonic body-to-head rotations in the seated Human. The amplitude of the H-reflex was 
linearly increased or decreased depending on the direction of body rotation, and the pattern of 
changes in the excitability of the reflex corresponded with the pattern of the asymmetric tonic 
neck reflex (ATNR). For instance, turning the body to the left with respect to the fixed head 
which is equivalent to right head rotation increased the right H-reflex, meanwhile, turning the 
body to the right inhibited right H-reflex amplitude (Traccis et al., 1987). The suggestion 
from their study is that neck muscle afferents have the potential to directly and subliminally 
modulate leg motoneuron excitability through descending pathways. However, the neck 
receptors responsible for this phenomenon were not specified. Actually, neck rotation 
activates a large number of receptors in the neck including those from the cutaneous tissues, 
joints, and muscles.  
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Meanwhile, animal studies have suggested that neck muscle spindles might be a contributor to 
the vestibulospinal pathway (Brink et al., 1980, Xiong and Matsushita, 2001, Anastasopoulos 
and Mergner, 1982, Boyle and Pompeiano, 1981, Wilson, 1991, Boyle and Pompeiano, 1980, 
Wilson et al., 1990, Khalsa et al., 1988, Thomson et al., 1996a, Sato et al., 1997a) (See 
section 2.9). If the vestibulospinal pathway is responsible for the modulation of reflex 
excitation seen in the study of Traccis et al. (1987), then changes in lower limb motoneuron 
excitability induced by changing neck muscle spindle inputs should also be seen in seated and 
relaxed subjects.  
 
Therefore, it was hypothesized that neck muscle spindle afferents alter motoneuron 
excitability of the lower limb extensor muscles in the relaxed and seated Human subjects in a 
way consistent with the TNR. 
Therefore, as the first step of the series of experiments reported in this thesis, the study of 
Traccis et al. (1987) was repeated using a muscle conditioning procedure (See section 3.5) 
instead of simple body-to-head rotation because it is known that muscle conditioning can alter 
the mechanical sensitivity of the muscle spindles at least in limb muscles without 
simultaneously changing sensory inputs from the cervical joints, cutaneous and vestibular 
receptors. Even though evidence for the effect of muscle conditioning to systematically alter 
the mechanical sensitivity and resting discharge of muscle spindles has only been 
demonstrated in limb muscles (Gregory et al., 1986b, Gregory et al., 1988, Proske et al., 
1993), a few studies have suggested that an alteration in head and neck position sense after 
muscle conditioning of the neck muscles occurs (Owens et al., 2006, Repka and Polus, 2008). 
Therefore, a proposal was made that muscle conditioning applied to the neck muscles will 
induce similar responses to neck muscles as occurs in limb muscles. Therefore, it was 
hypothesised that neck muscle conditioning would systematically alter the level of resting 
discharge of neck muscle spindle afferents, and that when muscle conditioning was performed 
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in neck rotation, the effect of muscle conditioning would be to simulate head-neck rotation. 
By this means, neck muscle conditioning would modulate H-reflex in a predictable way.  
It was proposed that a higher level of resting discharge of proprioceptors of the left neck 
rotator muscles produced by hold-short muscle conditioning simulates right head rotation 
because hold-short muscle conditioning simulates a stretched muscle. This was expected to 
result in an increase in the excitability of the right lower limb motoneurons. Also, it was 
expected that hold-long conditioning of the left neck rotator muscles that simulates left head 
rotation would decrease the excitability of the right lower limb motoneurons. This hypothesis 
was framed due to the pattern of the ATNR, and the proposal that neck muscle proprioceptive 
afferent inputs project to contralateral vestibular nuclei.  
This study investigated whether neck muscle conditioning-dependent changes can be 
observed in reflex excitability changes of lower limb muscles. If it is assumed that muscle 
conditioning alters the rate of resting discharge of muscle proprioceptors as has shown to 
occur in limb muscles, then the altered resting discharge of the neck proprioceptive inputs 
should modulate reflex excitability of the lower limb muscles in a predictable way in the 
seated and relaxed Human.  
 
4.2 Methods 
Ten subjects in good general health, seven male and three female, aged between 18 and 45 
years old, took part in this study.  
These subjects had no history of neurological disease, vestibular disorder, musculoskeletal 
problem or injury or pain in either the lower extremities or neck. No subject was taking 
any medications that may have impacted central nervous system (CNS) or peripheral nerve 
function, or skeletal muscle function. The protocols of these experiments were approved 
by the RMIT University Human Research Ethics Committee (HREC), and all participants 
gave informed consent (See appendix 1, 5, 6 and 9). 
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Subjects were seated in a custom-built chair. The seat of the chair could be rotated around 
the vertical axis of the neck in 10 degree increments. The head of the subject was fixed in a 
straight ahead position by a head frame that was attached to a frame that supported the 
chair and foot plate complex. The body trunk – especially the shoulder girdles were 
stabilized by means of a racing car harness which secured the upper body firmly to the 
chair back. Therefore, the subject’s body could be rotated around the axis of the neck with 
respect to the fixed head.  
The right foot was secured to the foot plate by velcro tape. The footplate could rotate 
around a sagittal axis and be fixed in position in five degree increments. The angle of the 
footplate position was adjusted so that the angle of foot and calf was approximately 120 
degrees. The position of the lower limbs was supported by means of foam that was placed 
between both thighs to avoid leg movement and disturbance. A blindfold was fitted over 
the participant’s eyes and remained in place during the experiment. Both knees were 
flexed to about 60 degrees with respect to the maximal extension position of the knee. 
Final knee angle was determined so that the angle of foot and calf was approximately 120 
degrees and the participant was comfortable. 
It was intended to systematically alter the amount of neck muscle proprioceptive input into 
the CNS by using the muscle conditioning technique originally developed by Proske’s 
research group (Morgan et al., 1984a, Gregory et al., 1986b, Gregory et al., 1988, Proske 
et al., 1993). 
Muscle conditioning was applied to the left neck rotator muscles by rotating the body 
around the head. During rotation, the head remained in a straight ahead position by means 
of a helmet frame which was gently secured around the participants head so that body-to-
head rotation could occur. The head was retained central to the axis of body rotation as 
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well as possible by the helmet frame to eliminate afferent input from the vestibular 
apparatus which might impact on the change in lower limb motoneuron excitability. 
The different start and end points of body rotation constituted the different experiments of 
this study. 
Left body rotation produces a stretch of the left neck rotator muscles. Therefore, when 
isometric contraction was performed in the left neck rotator muscles while the body is 
rotated towards left side, it results in hold-long muscle conditioning of the left neck rotator 
muscles. In contrast, right body rotation results in a shortening of the left neck rotator 
muscles. Therefore, this results in hold-short muscle conditioning of the left neck rotator 
muscles.  
Muscle conditioning of the neck muscles for this experiment was produced in the 
following way. First the examiner rotated the chair to either 10 or 30 degrees body rotation. 
This process was conducted on both sides (10 degrees right and left, or 30 degrees right 
and left). Next, the examiner asked the participant to contract his/her neck muscles by 
attempting to rotate the head towards the left side, against the examiner’s resistance. This 
was achieved by placing the examiner’s hands around the left jaw and cheek of the 
participant and asking the participant to try and turn his/her head to the left against the 
examiner’s applied resistance. 
This resistive contraction was maintained for about three seconds. The intensity of the 
neck muscle contraction was maintained at about 10 to 20 % of the maximal voluntary 
contraction (MVC) of the neck muscles of the participant. The maximum voluntary 
contraction (MVC) was obtained before the experiment. Before the trials, biofeedback 
from EMG signals that were displayed on a PC monitor were used so that the subject could 
learn to maintain an isometric contraction at the required intensity (See chapter 3). This 
training was completed before the blindfold was applied to the subject. 
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At the completion of the contraction period (three seconds) the participant was asked to 
remain as relaxed as possible, allowing their head to be supported by the helmet frame. 
After a further five seconds the body was passively rotated back to the test position. At this 
time, lower limb motoneuron excitability was tested using the H-reflex (See chapter 3). 
The H-reflex was recorded from the right soleus muscle. The procedure of this experiment 
is shown in Figure 4.1. This trial was repeated three times for each body position. 
 
 
Figure 4.1. Procedure of the experiment 
This diagram shows an overview of the protocol of this experiment. The subject was first asked to 
perform an isometric muscle contraction of the right triceps surae so as to standardize the contraction 
history of the muscle. This was necessary because the contraction and length change history have an 
impact on the amplitude of the H-reflex. Next, the subjects’ body was passively rotated 10 or 30 
degrees towards either the right or left side. Muscle conditioning was performed on the left neck 
rotator muscles, and then the subjects’ body was passively returned back to its original position. An 
electrical stimulus for the H-reflex was applied to the right popliteal fossa immediately after returning 
back to the test position. See text for further details. 
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The status of the neck muscles were monitored during the experiment using surface 
electromyography (SEMG) and an oscilloscope (that allows us to observe the electrical 
activity of the neck muscles) by the examiner to confirm the relaxation state of the neck 
muscles. Before the experiment, this method was also used as a bio feedback mechanism 
that allowed subjects to confirm that their neck muscles properly contracted and relaxed as 
required. 
By this means, it was assumed that the information received by the CNS about muscle 
length would be different to the actual neck muscle length, and inputs from other receptors, 
for instance cutaneous and joint receptors would not be activated. It was further assumed 
that this method signalled to the CNS as if neck rotation in a specific direction and to a 
specific degree had occurred when there was actually no neck rotation. 
In order to pool data for all subjects, the amplitude of the H-reflex for each subject was 
normalised. The amplitude of the H-reflex after hold-long conditioning of the neck muscles 
was divided by the H-reflex amplitude after hold-short conditioning of the neck muscles for 
each muscle conditioning sequence. A ratio >1 signifies that the reflex after hold-long muscle 
conditioning is larger than after hold-short conditioning. When the ratio is <1, reflex 
amplitude after hold-short muscle conditioning is larger than after hold-long conditioning. 
The calculated ratio was analysed using a one sample t-test with test value=1. Significance 
level was set at 0.05. 
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4.3 Results  
Two of 10 subjects were excluded from the study because of an unstable amplitude of their 
M-wave. Consequently, eight subjects were included in this study. During the experiment, 
three out of eight subjects reported that they lost their sense of a straight–ahead position 
after muscle conditioning was performed with a blind fold.  
 
The mean value of the hold-short/hold-long ratio of H-reflex amplitude for all subjects was 
M = 1.07, SD = 0.34 for neck muscle conditioning when 30 degrees was used as the 
conditioning-step increment, and M = 1.08, SD = 0.39 for neck muscle conditioning when 
10 degrees was used as the conditioning-step increment (Figure 4.2 and 4.3). 
A one sample t-test with test value=1 was used for the analysis. The analysis showed that 
there was no significant difference in H-reflex amplitude between hold-short and hold-long 
conditioning for both the 30 and 10 degrees conditioning-step increments. If H-reflex 
amplitude differed after the two forms of muscle conditioning (hold-long and hold-short), 
then the ratio of the reflex amplitude would be expected to be significantly different from 
one. Therefore, this result suggests that neck muscle conditioning in rotation does not have 
any effect on modulation of H-reflex excitability of the soleus muscle.  
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Figure 4.2. Individual mean value of hold-short/hold-long normalized reflex 
This graph shows individual data of the hold-short/hold-long reflex ratio. No subject showed 
significant changes except one subject (subject 6). The direction of change in the amplitude of 
the H-reflex was inconsistent in individual data. Error bars indicate standard deviation. 
 
 
Figure 4.3. Group mean of hold-short/hold-long ratio (30 degrees, 10 degrees 
rotation) 
This graph shows the mean value of the reflex ratio obtained from each subject. The ratio was 
calculated by dividing H-reflex amplitude after hold-long neck muscle conditioning by H-
reflex amplitude after hold-short neck muscle conditioning. The error bars indicate standard 
deviation. A value of 1 indicates that the size of the reflex after the two forms of conditioning 
are the same. 
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Neck muscle activity was monitored during and after the muscle conditioning procedure by 
means of the surface electromyogram recorded from both dorsal neck muscles and the 
sternocleidomastoid bilaterally (Figure 4.4). Even though subjects tried to maintain a relaxed 
state, small ongoing neck muscle activity was observed during most trials. This indicates that 
the neck muscles could not avoid spontaneous or involuntary activity as long as subjects were 
seated with their head maintained in the vertical.  
Even though head support was provided by the head frame, this was insufficient to abolish 
spontaneous neck muscle activity. 
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Figure 4.4. Surface electromyography (SEMG) signals recorded from neck muscles during 
neck muscle conditioning. 
Neck muscle activity during neck rotator muscle conditioning procedure was recorded. Red signal was 
recorded from the right sternocleidomastoid muscle. Green signal was recorded from the right dorsal neck 
muscles. Purple signal was recorded from the left sternocleidomastoid muscle. Blue signal was recorded 
from the left dorsal neck muscles. Brown line at the bottom indicates the body-to-head rotation degree. In 
this graph, the body was rotated toward left side by 10 degrees (hold-long, 10 degrees). X-axis indicates 
time (minutes: seconds). Y-axis indicates electrical activity of muscles (mV). The large muscle activity that 
can be seen before 10:20 (minutes: seconds) is the isometric contraction involved in the muscle 
conditioning procedure. Constant small spikes that can be seen in the right and left dorsal neck muscle 
EMG signals are interpreted as indicating the electrocardiogram (ECG R-wave). Small fluctuating muscle 
activity was observed in all muscles during the muscle conditioning procedure (10:05-10:40). 
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4.4 Discussion 
The aim of this study was to examine whether conditioning the neck muscles in rotation could 
modulate the H-reflex of the lower limb extensor muscles in a manner consistent with the 
ATNR. The amplitude of the H-reflex after both hold-long and hold-short neck muscle 
conditioning were highly variable both within and between subjects. Further, significant 
differences between the amplitude of hold-long and hold-short conditioning could not be 
observed. 
 
Traccis et al. (1987) observed a significant change in the amplitude of the H-reflex after static 
body-to-head rotation with a fixed head. Their study showed that the amplitude of the H-
reflex recorded from the right soleus muscle increased by approximately 10% when the body 
was rotated ipsilaterally (head turned to the contralateral side with respect to the body), and 
decreased by approximately the same magnitude with contralateral body rotation. This 
increase and decrease in the amplitude of the H-reflex had a linear relationship with the 
degree of body rotation. This suggests that information from the neck has a role and a stand-
alone influence on the regulation of limb motoneuron excitability. However it is unclear what 
sensory signals are responsible for the lower motoneuron excitability change in this study 
because body-to-head rotation presumably stimulates several receptors together such as 
muscle spindles, golgi tendon organs, cutaneous receptors and joint receptors.  
 
There are two major differences in their study compared with the present study. The first 
difference is the way that neck receptors were activated as this study used muscle 
conditioning to presumably modulate muscle proprioceptive afferent activity only, while 
Traccis et al. (1987) used passive body-to-head rotation. Therefore, one possibility is that the 
modulation in amplitude of the H-reflex observed in the study of Traccis et al. (1987) was not 
due to modulation of proprioceptive afferent inputs from the neck, or that neck muscle 
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conditioning in rotation used in the current study did not modulate the intended afferents – 
neck muscle proprioceptors. 
 
Another difference between these two studies was the time interval between when body-to-
head rotation position was attained and when the H-reflex was evoked. In the Traccis et al. 
(1987) study, the time interval was two minutes. According to Traccis et al. (1987), this time 
interval was chosen to minimise the influence of fast-adapting cutaneous afferents on reflex 
excitability. This factor was also minimised in the current study since the amplitude of the H-
reflex was recorded when the head and body was returned back to the straight-ahead position. 
However, the results of the current study did not show significant changes in reflex amplitude 
after the different neck muscle conditioning sequences in rotation even though the ratio of the 
amplitudes of the H-reflex after muscle conditioning varied within and between subjects. The 
possible reasons for this finding and, especially the drawbacks of application of the muscle 
conditioning procedure in the context used in this study are considered in the following 
paragraphs. 
 
The most likely reason that neck muscle conditioning-dependent changes were not observed 
in the current study is that neck rotation in a seated position is not a suitable posture to 
manipulate dorsal neck muscle length and activation history by means of muscle conditioning 
because of the complex anatomical structure of the neck muscles.  To achieve neck rotation, 
not only the dorsal neck muscles but also other muscles such as the contralateral 
sternocleidomastoid, trapezius and scalene muscles need to be activated. Even though subjects 
were instructed to use their left dorsal neck muscles for the isometric contraction during the 
muscle conditioning procedure, the agonist muscle for this isometric contraction could vary 
between subjects. Therefore, it is not possible to determine which muscles were 
predominantly affected by muscle conditioning in rotation.  
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Moreover, the morphology of the neck muscle spindles is different from the muscles of the 
limbs. The neck muscles have a much larger number of muscle spindles and an unusually 
complex organization. They form chain-like complexes of 2-6 spindles linked in tandem, and 
may have a paired or parallel grouping. They also contain golgi-like aspects that provide Ib 
afferent inputs to the CNS. The muscle spindle complex is also in close association with 
Golgi tendon organs (Richmond and Abrahams, 1975, Richmond and Abrahams, 1979b). The 
effect of muscle conditioning has been demonstrated in limb muscles but not in neck muscles 
(Gregory et al., 1986b, Gregory et al., 1988, Proske et al., 1993). Therefore, there is a 
possibility that muscle conditioning does not have the same effect as when it is applied to the 
limb muscle because of the morphological differences between neck and limb muscle spindles. 
Even though it is suggested that neck muscle spindles are functionally similar to muscle 
spindles in other skeletal muscles (Richmond and Abrahams, 1979b), the effect that muscle 
conditioning is the same in the neck muscles as it is in extremity muscles is still an 
assumption. In this study, it was assumed that muscle conditioning would produce a similar 
effect as occurred in the limb muscles. However, the actual effect still remains unknown. 
 
Lastly, there was evidence of spontaneous neck muscle activity during the passive phase of 
the muscle conditioning procedure. Also, even when no EMG signal from the neck muscles 
was observed, this only indicates that superficial muscle fibres were inactive. Beause the 
subject’s head and neck were oriented in the vertical, it is not possible to rule out the 
possibility that spontaneous activity in neck muscles occurred during the muscle conditioning 
procedure. This possible ongoing muscle contraction of the dorsal neck muscles may have 
broken any stable cross-bridges formed during the muscle conditioning procedure and that are 
necessary to establish the different mechanical states of the muscle spindles, for example, 
either slack or tight muscle spindles. As mentioned in Chapter 2 (2.5), any muscle contraction 
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detachs stable cross-bridges at the length that the muscle contractions occurs (Proske and 
Stuart, 1985, Proske et al., 1993). Due to this possibility, it was considered that muscle 
conditioning applied to the neck muscles in this experiment may not be a valid method to 
produce a modified muscle proprioceptive resting discharge. 
 
Therefore, because of the above reasons, it was not possible to answer the question that the 
neck muscle spindles are the candidate receptor that modulates lower limb motoneuron 
excitability in sitting subjects. 
To investigate this issue further, dorsal neck vibration was used instead of muscle 
conditioning in the following studies. 
 
  
 
 
 
 
 
Chapter 5 
The effect of prolonged unilateral 
dorsal neck vibration 
In amplitude of H-reflex 
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5.1 Introduction 
The first study of this thesis failed to observe any change in the amplitude of the H-reflex 
when muscle conditioning was used to simulate body-to-head rotation. The neck muscle 
conditioning protocol adopted was assumed to systematically alter neck muscle spindle 
discharge consistent with right or left body-to-head rotation. As explained in Chapter 4, one 
of the possible reasons that no difference in H-reflex amplitude was observed was because of 
failure of the neck muscle conditioning procedure. The most likely reason for this failure was 
an ongoing activation of dorsal neck muscles during the relaxation phase of the muscle 
conditioning procedure. Because subjects were seated and the subjects’ head was maintained 
erect, it might be expected that it was unlikely to completely eliminate muscle activity and 
this in turn, would act to break stable cross bridges formed during muscle conditioning. 
Also, this technique was established in limb muscles of the Human and cat, but has not been 
in the neck muscles. Neck muscle spindles are morphologically different from those of the 
limbs, and the structure of the neck muscles are too complicated to functionally divide 
themselves. Therefore, it might be difficult to expect to observe a similar effect of muscle 
conditioning in neck muscles as was seen in limb muscles observed in other studies (Gregory 
et al., 1986b, Gregory et al., 1988) even though few studies demonstrated that head and neck 
position sense was altered by applying muscle conditioning procedure to the neck muscles 
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(Owens et al., 2006, Repka and Polus, 2008). Therefore, in this study, muscle conditioning 
was replaced with another technique that modifies muscle spindle afferent discharge in the 
subjects who are seated. 
 
Avibratory stimulus is able to activate muscle spindle afferents, especially Ia afferent fibres 
(Matthews, 1966, Burke et al., 1976, Roll and Vedel, 1982, Roll et al., 1989) (See section 3.6).   
As mentioned in Chapter 2 (2.10.2) Bove et al. (2002) showed that vibration of neck muscles 
induced postural responses, such as whole body rotation during stepping in place. In their 
study, a vibratory stimulus (80Hz) was unilaterally applied to the sternocleidomastoid muscle 
during and before the beginning of stepping in place. Subjects were asked to march on the 
spot for 60 seconds. A vibratory stimulus was then applied to one sternocleidomastoid muscle 
during stepping (during; VDS) or before the onset of stepping (before; VBS). Subjects tended 
to rotate around a vertical axis when stepping in place and they started rotation from a few 
seconds and up to 10 seconds after the onset of vibration (Bove et al., 2002). In the VBS 
session, vibratory stimulus was stopped before the beginning of stepping, however, the 
subject rotated as if the neck is still vibrated after the beginning of stepping. These authors 
also showed that the walking trajectory deviated after application of a unilateral neck 
vibratory stimulus (Bove et al., 2001). These results suggest that neck proprioceptors, 
specifically Ia neck muscle spindles, have an affect on motor control associated with 
maintaining body orientation during locomotion.  
However, this study also suggested an extended notion suggesting that neck afferent inputs 
modify the egocentric body-centred coordinate system (Bove et al., 2002). This proposal is 
only relevant in the context of a voluntary motor performance such as standing, stepping or 
walking. Such a concept suggests that postural sway or errors in locomotion during artificial 
activation of neck muscle spindles afferents can be explained not only by changes in the 
excitability of vestibulospinal pathways but also by an involvement of cognition and the 
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creation of a kinaesthetic illusion induced by the vibratory stimulus. It is suggested that a 
vibratory stimulus applied to the neck induces an illusion of head movement and 
displacement of the subjective straight-ahead (Strupp et al., 1999). Therefore there is a 
possibility that the observed error in locomotion observed in the above studies occurred as a 
result of an illusion of the subjective straight ahead induced by the neck vibratory stimulus. 
This sensory experience evoked the motor response in order to correct the body’s “straight-
ahead” orientation. 
 
Andersson and Magnusson (2002) demonstrated that a muscle response in the lower limbs 
can be evoked by a dorsal neck vibratory stimulus at latencies of 70-100 ms – which is 
referred to as a medium latency response when the subjects were standing in place 
(Andersson and Magnusson, 2002). Another study showed that the amplitude of the H-reflex 
was inhibited after application of a dorsal neck vibratory stimulus in standing subjects when 
the interval between onset of vibration and delivery of the electrical stimulus was at least 100 
ms (Rossi et al., 1985). It had previously been suggested that a direct EMG response of lower 
limb muscles through the vestibulospinal pathway is evoked at latencies of approximately 50 
ms (Fries et al., 1988, Watson and Colebatch, 1997). As it was shown by Bove et al. (2001), 
the effect of neck vibratory stimulus, probably through a cognitive process that was affected 
by modulation of egocentric reference frame was reflected in direction of stepping in place 
approximately 10 seconds after the onset of vibratory stimulus. Therefore, the latency 
observed by Andersson and Magnusson (2002) is too short to be mediated by a cognitive 
process and not influenced by a kinaesthetic illusion. Also, however, the observed latency of 
70-100 ms was too long to involve only a monosynaptic response. If afferent inputs evoked 
by a neck vibratory stimulus directly or monosynaptically activated the vestibulospinal 
pathway, the EMG response from the limb muscles must be induced with a short latency, in 
concrete terms, 50 plus few milliseconds. Therefore, Andersson and Magnusson (2002) 
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concluded that the muscle response at the medium latency in their study must involve central 
integration with other information such as vestibular or other somatosensory inputs 
(Andersson and Magnusson, 2002).  
This suggests that the increased discharge of dorsal neck muscle spindles induced by a 
vibratory stimulus may influence lower motoneuron excitability by mechanisms other than 
through a cognitive process. 
 
Therefore, it is still necessary to confirm whether it is possible for a dorsal neck vibratory 
stimulus to modulate lower motoneuron excitability when an individual is in a relaxed state 
where no postural effort is involved. Therefore, this study examined the hypothesis that a 
tonic change in afferent signals from neck muscle spindles – induced by a vibratory stimulus 
applied to the dorsal neck excites descending pathways innervating lower extensor 
motoneurons when postural tasks that might be influenced by a cognitive process are not 
involved. 
 
Because of this reason, the current study employed a similar experimental procedure as the 
first study except that a vibratory stimulus was used instead of the muscle conditioning 
protocol. This study investigated the effect of unilateral neck vibration on lower limb extensor 
motoneuron excitability in relaxed and seated subjects. The laterality of the response was also 
tested by applying the vibratory stimulus either to the left or right dorsal neck muscles. 
 
5.2 Methods 
Ten subjects in good general health (six male and four female) aged between 25 and 45 years, 
took part in this study. These subjects had no history of neurological disease, vestibular 
disorder, musculoskeletal problem or injury or pain in either the lower extremities or neck. No 
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subject was taking any medications that may have impacted central nervous system or 
peripheral nerve function, or skeletal muscle function. The protocols of these experiments 
were approved by the RMIT University Human Research Ethics Committee (HREC), and all 
participants gave informed consent (See appendix 2, 5, 6, 8 and 9). 
 
Subjects were seated in a custom-built chair. The head of the subject was fixed in a straight 
ahead position by a head frame. The body trunk – especially shoulder girdles were stabilized 
by means of a racing car harness which secured the upper body firmly to the chair back. The 
right foot was secured to the foot plate by Velcro tape. The angle of the footplate position was 
adjusted to 120 degrees. Leg posture was supported by means of foam that was placed 
between both thighs to avoid leg movement and disturbance. Both knees were flexed about 60 
degrees with respect to the maximal extension position of the knee. But final knee angle was 
determined so that the angle of foot joint could be 120 degrees and the participant could feel 
comfortable. 
A vibratory stimulus was employed to activate the dorsal neck muscle spindles. A custom-
built electro-mechanical vibrator, columnar in shape (DC motor, 80Hz, Scientific Concepts, 
Glen Waverley, Australia) was vertically aligned and secured over the subject’s right or left 
dorsal neck by means of an elastic band. The position of the vibrator was adjusted so that it 
centred over the C2-C4 spinal levels. A blind fold was used during the experiments to 
eliminate visual input.   
 
The H-reflex was used to assess change in lower motoneuron excitability. 
The subject was seated and asked to remain relaxed and an electrical stimulus was applied 
every 20 seconds, 12 times in total, during one trial. The interval between successive 
electrical stimuli was 20 seconds to avoid post activation depression in amplitude of H-reflex 
of the soleus induced by the previous muscle contraction of the soleus muscle evoked by the 
  Chapter 5 
 
 
120 
 
H-reflex. According to Hultborn et al. (1996), this depression resuls from depletion of 
neurotransmitter from afferent fibres from the muscles that lasts 10 to 13 second. Therefore, 
this depression is not due to decrease in motoneuron excitability (Hultborn et al., 1996).  
 
Each trial consisted of three phases; the pre-vibration period (Pre), the vibration period 
(During), and the post-vibration period (Post). Four H-reflexes were evoked during each 
phase. At the onset of the During period, the vibrator attached over the subject’s dorsal neck 
was turned on. This vibratory period lasted for 80 seconds. The vibratory stimulus was turned 
off immediately before the first electrical stimulus of the post-vibratory phase. Each trial was 
repeated three times for both right and then left neck vibration. The vibration side was 
randomized. This protocol is described in Figure 5.1. 
 
 
Figure 5.1. Procedure of the experiment 
This diagram shows an overview of the protocol of this experiment. The right triceps surae 
muscles were previously contracted so as to standardize the contraction history of the muscle. 
The H-reflex recorded from the right soleus muscle was evoked at an interval of 20 seconds 
12 times. Immediately before the fifth electrical stimulus, either the right or left dorsal neck 
vibratory stimulus commenced. The vibratory stimulus was delivered for 80 seconds, and 
then it was turned off immediately before the ninth electrical stimulus. The subject was asked 
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to stay relaxed through out the experiment. The first electrical stimulus of the H-reflex after 
commencement of the dorsal neck vibratory stimulus was defined as V1.  The second 
stimulus (V2), the third stimulus (V3) and the fourth stimulus (V4) during vibration period 
were defined. Similally, the electrical stimuli during post vibration period were defined as 
follows – the first stimulus (P1), the seond stimulus (P2), the third stimulus (P3) and the 
fourth stimulus (P4). 
 
The mean value of the H-reflex amplitude evoked during each phase of the trial was 
calculated for every subject. To compare the changes in H-reflex amplitude across subjects, 
the mean amplitudes of the H-reflex of both During and Post was divided by the mean value 
of the H-reflex in the Pre vibration period (control). Therefore changes in H-reflex amplitude 
during and in the post vibratory stimulus period were expressed as a ratio. A one sample t-test 
with test value = 1 was used to compare the ratio of the mean H-reflex amplitude During and 
Post vibration with respect to the Pre vibration value. Significance level was set at 0.05. 
 
5.3 Results  
Figure 5.2 is an example of the H-reflex amplitude before (pre) and during vibratory stimulus. 
The results showed that the mean value of the normalised ratio of H-reflex amplitude 
recorded during left dorsal neck vibration (M = 1.1006, SD = 0.140) was significantly larger 
than one (t(9) = 2.2272, p = 0.049, 95%CI (0.0004, 0.2007)). The ratio of normalised reflexes 
recorded during right dorsal neck vibratory stimulus and the after the vibration period for both 
left and right did not show any significant differences from their control values (= 1) (Figure 
5.3). From this result, it seemed that the contralateral dorsal neck vibratory stimulus increased 
the spinal reflex excitability of the lower limb muscles.  
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Figure 5.2. An example of H-reflex amplitude evoked during and after the 
vibratory stimulus 
An example comparison of H-reflex amplitude recorded before application of the dorsal neck 
vibratory stimulus (blue) and during left dorsal neck vibration (red). It is important to ensure 
that the M wave is consistent so as to confirm that always the same stimulus intensity is 
transmitted to the tibial nerve. 
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Figure 5.3. The mean value of normalized reflex 
This graph shows the mean values of H-reflex amplitude of pre, during (V1-4) and post (P1-
4) vibratory stimulus period. Mean value for each period were divided by the mean value of 
the pre vibratory stimulus period as normalization method that allowed data to be pooled. 
Only the left vibratory stimulus significantly increased the H-reflex amplitude recorded from 
the right soleus muscle. * = p<0.05. 
 
However, when the mean H-reflex amplitude calculated over the four time periods of each 
phase was divided into individual stimuli delivered in each phase, only the amplitude of the 
first H-reflex that was elicited immediately after the onset of the vibratory stimulus was 
significantly facilitated (Figure 5.4). Immediately after the onset of vibration delivered on 
either side of the neck, the normalized reflex of both the left dorsal neck vibratory stimulus 
(t(9) = 2.596, p = 0.029, 95%CI (0.0303, 0.4407)) and the right dorsal neck vibratory stimulus 
(t(9) = 2.912, p = 0.017, 95%CI (0.270, 0.2152)) significantly increased, in turn, reflex 
amplitudes. 
However the reflex amplitude never showed any significant increase from control values 
other than for the first H-reflex value recorded immediately after onset of the vibratory 
stimulus of during vibration. Also, no significant increases in the amplitude of the H-reflex 
were observed after the offset of the vibratory stimulus (Figure 5.4.)  
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Figure 5.4. Mean of normalized reflex in each stimulus timing 
Group data are expressed as the normalized reflex ratio. To obtain this ratio, the mean value 
of the H-reflex amplitude was divided by the mean value of pre-vibration H-reflex 
amplitude (Pre = control). Error bars show standard deviation. V1-4 (during vibration) and 
P1-4 (post vibration) shows each timing of the electrical stimulus applied to the right 
popliteal fossa every 20 seconds. Only V1 (immediately after the onset of the vibratory 
stimulus) was significantly increased for both right and left dorsal neck vibration. 
 
Neck vibration is known to evoke an illusion as if the relative location between the head and 
body is changing especially when visual inputs are withdrawn. During the vibration period, 
seven out of 10 subjects experienced a postural illusion. Four subjects felt as if their neck was 
rotating opposite to the side of vibration site, or that their body was rotating towards the side 
of the vibration. One subject experienced this same effect when the vibrator was applied over 
the left dorsal neck, but the illusion was right head rotation when the vibrator was applied 
over the right dorsal neck. Two subjects felt as if their head was extending superiorly along a 
vertical axis. These illusions disappeared immediately after the offset of the vibratory 
stimulus. Three subjects did not feel any illusion in this experiment, although one subject 
experienced a low-grade sensation that the neck vibration affected their respiratory rhythm 
and depth of breathing. 
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5.4 Discussion 
This study examined the hypothesis that the prolonged afferent inputs from neck muscle 
spindles influence the descending pathway innervating lower extensor muscles through reflex 
in sitting and relaxed Human. 
A high frequency vibratory stimulus is known to activate muscle spindle afferents. It is 
known that the muscle spindle primary ending (Ia ) is most sensitive to the vibratory stimulus 
(Roll et al., 1989). The amplitude of the sinusoidal vibration is considered to be equivalent to 
a small-amplitude high-frequency sinusoidal stretch (Pompeiano et al., 1974).. This 
oscillation is transmitted to the muscle spindles and consequently, activation of the Ia 
afferents occurs. 
A vibratory stimulus was applied unilaterally to one side of the dorsal neck, and then the other 
side. The order of application was randomized. If neck muscle spindles have access to 
descending pathways to the lower limb muscles, the amplitude of the H-reflex should be 
modified during and possibly after neck vibration. 
 
The initial analysis shown in Figure 5.3, suggested that contralateral dorsal neck vibration 
increased the amplitude of the H-reflex. This result was observed when the H-reflex 
amplitudes obtained during vibration were averaged. This observed laterality was in 
accordance with the proposal reported by animal studies that the afferent fibres from the 
dorsal neck muscle spindles travel to contralateral vestibular nuclei (Matsushita et al., 1995, 
Sato et al., 1997b) (See 2.9.2). 
However, the subsequent analysis where each of the four H-reflexes evoked during the 
vibratory period were analysed separately revealed that both the right and left dorsal neck 
vibratory stimulus significantly increased the reflex amplitude only immediately after the 
onset of the vibratory stimulus. These observed facilitatory effects were diminished at 20 
seconds with both unilateral and contralateral dorsal neck vibration and the amplitude of H-
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reflex remained at control values during the rest of the vibratory period as well as during the 
post vibratory period.  
 
In a previous study, Rossi et al. (1985) found a short latency effect of the H-reflex in response 
to neck vibration. Further this response to vibration consisted of both an inhibitory and 
excitatory phases in soleus muscle’s excitability immediately after the onset of dorsal neck 
vibration in supine subjects. It was shown that the inhibitory response was observed 
approximately 50-100 ms after the onset of the vibratory stimulus, and the excitatory effect 
was observed at the latencies of 150-300 and 450-600 ms (Rossi et al., 1985).  
 
Rossi (1985) argued that the acoustic sound that was associated with the vibratory stimulus 
did not influence H-reflex amplitude. This was demonstrated by observing no effect in the 
amplitude of H-reflex when only the noise of the vibratory stimulus was delivered by 
applying the vibratory stimulus close to the ear. They further showed that the observed effect 
produced by the neck vibratory stimulus attenuated when the vibrator was moved caudally. 
The changes in the H-reflex amplitude induced by a lumbar L4-5 vibratory stimulus was 30–
40 % lower than that induced by the neck vibratory stimulus. Therefore, the observed changes 
in H-reflex amplitude were neck specific (Rossi et al., 1985).    
 
However, a focus of the current study was not the immediate effect of the dorsal neck 
vibratory stimulus. In this study, a more tonic and prolonged effect of the dorsal neck 
vibratory stimulus was investigated by applying a long-term vibratory stimulus and measuring 
the H-reflex amplitude over time. However, despite the length of the vibratory stimulus 
applied to the dorsal neck, changes in H-reflex amplitude were observed only after the onset 
of the vibratory stimulus. Moreover, no laterality of the response was observed since both left 
and right dorsal neck vibratory stimuli induced similar effects in reflex amplitude.  
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Therefore, the results of this study appear to be in conflict with the results observed by 
Traccis et al. (1987) who observed static changes in H-reflex amplitude by tonic body-to-head 
rotation and a directional change in H-reflex amplitude dependent on which side body-to-head 
rotation occurred. However, it is important to consider the type of receptor that may be 
presumed to be activated in the two studies. Traccis et al. (1987) used a tonic and static body-
to-head rotation. Further, a two minute interval elapsed after neck rotation and before the H-
reflex was evoked. Therefore, receptors likely to be activated include the type II muscle 
spindles that detect tonic changes in muscle length. On the other hand, it is known that the 
high-frequency vibratory stimulus mainly activates primary endings since the vibratory 
stimulus causes small and high frequency phasic stretch to the vibrated muscles. Therefore, 
even though the vibratory stimulus was tonically applied to the neck muscles, the receptor 
mainly stimulated might be expected to be different from the receptor that was stimulated by 
the tonic body-to-head rotation.  
The effect of a tonic neck vibration stimulus has also been observed in task dependent studies, 
such as walking and stepping in place (Bove et al., 2001, Bove et al., 2002). For instance, 
Bove et al. (2002) showed that a vibratory stimulus applied to the side of the neck for 60 
seconds induced a continuous whole body rotation during stepping in place. However, it was 
shown that the onset of body rotation had a delay time between a few seconds and 10 seconds 
after the onset of the vibratory stimulus. Also, even after a vibratory stimulus that was applied 
for 60 seconds was turned off and then the subject asked to march in place, stepping was 
associated with body rotation as if the neck was still being vibrated. These results suggest that 
a continuous neck vibratory stimulus has an influence on the motor control of the lower limb 
muscles during a complex motor task. It was suggested that this alteration in task execution 
was caused by a modulation of the egocentric reference frame of the body induced by the 
neck vibration (Bove et al., 2002). The current study hypothesised that the vibratory stimulus 
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directly activates vestibulospinal pathways inducing tonic changes in motoneuron excitability 
in a relaxed subject, rather than inducing an alteration in a cognitive process that affects 
postural control when subjects perform a postural task (e.g. stepping). 
 
 
It is also necessary to consider the possibility that a startle effect was responsible for result 
presented in this study. A transient increase in amplitude of the H-reflex that was observed 
immediately after the onset of the vibratory stimulus in the current result suggests that the 
dorsal neck vibratory stimulus may involve a certain degree of “startle” that might have 
affected lower motoneuron excitability of the soleus muscle. 
According to Koch (1999), startle is a fast response of facial and body muscles evoked by 
sudden and intense tactile, visual or acoustic stimuli (Koch, 1999). Even though the vibratory 
stimulus is a useful and strong stimulus to activate muscle spindles, it is not possible to avoid 
the possibility that this stimulus caused an auditory or cutaneous stimulus that possibly 
resulted in startle. Considering that the excitatory effect on H-reflex amplitude was transient 
because it was observed only immediately after the onset of the vibratory stimulus, the effect 
of “startle” cannot be discounted in the current study. 
There is also a risk that the dorsal neck vibratory stimulus was directly transmitted to the 
vestibular apparatus as the vibrator was attached to the upper cervical area.  
In this regard, Magnusson et al. (2006) suggested that cervical muscles afferents are 
predominantly activated by a vibratory stimulus directed towards the neck muscles. In their 
study, the vibratory stimulus was applied to the neck muscles or the mastoid process, and then 
EMG activity from lower limb muscles was recorded in standing subjects.  
They argued that if the vibration stimulus was directly transmitted to the vestibular apparatus, 
then the EMG response recorded when the vibrator was positioned over the mastoid process 
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would be larger than when the vibration was positioned over the neck muscles. In fact, the 
reverse occurred. 
They concluded that neck afferents play a dominant role in the evoked responses when 
compared to vestibular afferents when vibration is applied to the neck muscles (Magnusson et 
al., 2006). This study provides further evidence that the EMG response after the onset of the 
neck muscle vibration cannot be explained just by startle effect of the vibratory stimulus since 
the mastoid vibration that may have caused a stronger auditory startle effect than the dorsal 
neck vibratory stimulus did not induce a EMG response from the lower limb muscles in their 
study. 
 
All in all, from the current study, it was suggested that a long-term (80 seconds) dorsal neck 
vibratory stimulus does not influence H-reflex excitability in the relaxed and seated Human. 
Also, no laterality of the dorsal neck vibratory stimulus was found. Because of the increase in 
H-reflex amplitude immediately after the onset of the vibratory stimulus, it is difficult to deny 
the possibility that the dorsal neck vibratory stimulus caused a startle, which temporarily 
increased the amplitude of the H-reflex. However, this possibility could not be clarified in this 
study.  
Nevertheless, because the H-reflex gives a measure of the excitability of alpha motoneurons 
only, there is still a possibility that activation of the dorsal neck muscle spindles causes an 
increase in activity of fusimotor neuron. This further possible effect of the neck muscle 
vibratory stimulus was sought by applying hold-long muscle conditioning on triceps surae 
muscles in the next study. 
 
  
 
 
 
 
 
Chapter 6 
Effect of dorsal neck muscle vibration 
on fusimotor neurons of lower limb 
muscles (H-reflex study) 
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6.1  Introduction 
The results of the previous study (Chapter 5) showed a slight increase of H-reflex amplitude 
observed immediately after the onset of the dorsal neck muscle vibratory stimulus. However, 
the possibility of a startle effect could not be excluded. It was also unclear from this previous 
study whether dorsal neck muscle vibration increased lower limb motoneuron excitability. 
Even if the observed reflex potentiation was caused by the activation of the dorsal neck 
muscle spindles, the previous study could not identify whether alpha or fusimotor neurons 
were facilitated by the dorsal neck vibratory stimulus. 
 
It has been suggested that vestibulospinal descending pathways originating from the lateral 
vestibular nuclei monosynaptically and polysynaptically connect to alpha motoneurons of the 
limb muscles (Shapovalov et al., 1967, Grillner et al., 1970b). However, it has also been 
suggested that these descending pathways excite static γ motoneurons (fusimotor neurons) of 
the limb muscles (Pompeiano, 1972, Molina-Negro et al., 1980, Grillner, 1969, Pompeiano et 
al., 1967, Carli et al., 1966). For example, in Humans, Burke et al. (1980) showed that caloric 
vestibular stimulation lowers the threshold for activation of muscle spindles of the tibialis 
anterior muscles during a voluntary contraction. This suggests that the vestibular stimulus 
may have the potential to excite fusimotor neurons of the lower limb muscles.  Therefore, 
fusimotor neurons may be excited by a vestibular stimulus. 
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If neck muscle spindle afferents influence limb motoneuron excitability through 
vestibulospinal pathways as suggested in Chapter 2 (section 2.9), then activation of neck 
muscle spindles may also result in modulation of fusimotor neurons of limb muscles. Hence, 
in this study, whether fusimotor neurons of the lower limb muscles can be activated by dorsal 
neck muscle spindle afferent input was investigated using a vibratory stimulus that artificially 
activates dorsal neck muscle spindles. 
 
To assess the activation of fusimotor neurons of limb muscles, muscle conditioning was 
employed. As explained previously, muscle conditioning can systematically modulate the 
mechanical state of the muscle spindles, and therefore, change rate of their resting discharge. 
The important point of muscle conditioning for this experiment is that, as mentioned in 
section 2.5.3, the amplitude of the H-reflex increases after hold-long muscle conditioning that 
creates slack muscle spindles; on the other hand, the amplitude of the H-reflex is depressed 
with hold-short muscle conditioning. Therefore H-reflex amplitude is dependent on the form 
of muscle conditioning used which create a systematic change in the mechanical sensitivity of 
the muscle spindles. 
Fusimotor neurons innervate the intramuscular fibres. Contraction of the intrafusal fibres 
sensitises muscle spindles. Therefore, fusimotor drive should tighten and remove the slack in 
muscle spindles that has occurred as a consequence of hold-long muscle 
conditioning(Gregory et al., 1986a, Gregory et al., 1991a). The hypothesis framed in this 
experiment is that, if dorsal neck muscle spindle afferents excite fusimotor neurons of the 
lower limb, then the slack created in muscle spindles of the triceps surae muscles after hold-
long conditioning of the triceps surae muscles will be removed with dorsal neck vibration. 
This will result in a reduction in the amplitude of the H-reflex. This method was previously 
introduced by Gregory et al. (2001) using the tendon jerk to investigate whether the 
Jendrassik manoeuvre activate fusimotor neurons of the limb muscles (Gregory et al., 2001b). 
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In this way, it was expected to indirectly measure fusimotor drive to soleus muscle using 
muscle conditioning.   
 
 
Figure 6.1. Hypothesis: removal of slack in muscle spindles may also results 
in a reduction in size of the H-reflex 
This figure shows the hypothetical change in sensitivity of the muscle spindles of the soleus 
muscle and corresponding size of H-reflex. When hold-long muscle conditioning is applied 
to the right triceps surae muscles, the muscle spindles fall slack and their sensitivity is 
decreased. It is known that a large H-reflex amplitude is observed after hold-long 
conditioning. If fusimotor neurons projecting to the muscle spindles of the soleus muscle are 
activated by dorsal neck vibration, this must remove slack of the muscle spindles that was 
created by hold-long muscle conditioning. This removal of slack may result in an increase in 
muscle spindle sensitivity and a higher rate of resting discharge. It is also known that a 
smaller H-reflex is observed after hold-short muscle conditioning that creates tight and 
sensitised muscle spindles. Therefore, it was hypothesised that if the dorsal neck vibratory 
stimulus activates fusimotor neurons of the soleus muscle, which then removes slack of the 
muscle spindles, H-reflex amplitude must approach the amplitude that is observed after hold-
short muscle conditioning.  
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6.2  Methods 
Six subjects, three male and three female, of good general health between the ages of 24 and 
45 years old, took part in this study. These subjects had no history of neurological disease, 
vestibular disorder, musculoskeletal problem or injury or pain in either the lower extremities 
or neck. No subject was taking any medications that may have impacted central nervous 
system or peripheral nerve function, or skeletal muscle function. The experimental procedures 
were approved by the RMIT University Human Research Ethics Committee (HREC), and all 
participants gave informed consent (See appendix 2, 4, 7, 8 and 9). 
Each subject was seated in the custom build chair and their head was secured in the head 
frame. A blindfold was applied to eliminate visual inputs. The right foot was secured to the 
foot plate by velcro tape. The footplate could rotate around its sagittal axis and fixed in 
position in five degrees increments. The angle of the footplate position was adjusted to 120 
degrees. Lower limb posture was supported by means of foam that was placed between both 
thighs to avoid any leg movement. Both knees were flexed to about 60 degrees with respect to 
the maximal extension position of the knee. Final knee angle was determined so that ankle 
angle approached 120 degrees and the participant could comfortably dorsi and plantar flex 
their foot by at least 20 degrees. 
 
A columnar shaped custom built vibrator (DC motor, 80 Hz, Scientific Concepts, Glen 
Waverley, Australia) was attached horizontally to the skin overlying the C 2-3 level of the 
dorsal neck muscles by an elastic bandage. The intention was to vibrate the dorsal neck 
muscles bilaterally. 
The right triceps surae muscles were conditioned as hold-long state as described in Chapter 3 
(Section 3.5.2.1). The right foot plate was rotated in the direction of dorsiflexion by 20 
degrees. The subject was then asked to isometrically contract their right triceps surae muscles 
for three seconds. This was done by asking the subject to try to stand on their toes. After 
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cessation of the muscle contraction, five seconds elapsed to allow stable cross-bridges to 
reform, and then the foot plate was passively returned back to its original position. 
The dorsal neck muscle vibratory stimulus (80Hz) was applied for 10 seconds or 20 seconds 
after completion of the right triceps surae muscle conditioning procedure. The electrical 
stimulus was then applied to the right popliteal fossa to elicit the H-reflex immediately before 
the offset of the vibratory stimulus (during) or one second after the offset of the vibratory 
stimulus (interposed).  
These trials were paired with a control trial, that is - a trial without vibration but having the 
same time course. The order of trials was randomized by flipping a coin. 
Each combination of condition - 10 seconds vibration (during), 10 seconds vibration 
(interposed), 20 seconds vibration (during), and 20 seconds vibration (interposed) was tested 
three times. To normalise data and allow comparison between subjects, the mean value of the 
test H-reflex amplitude was divided by the mean value of control H-reflex amplitude (without 
vibration). A one sample t-test with test value = 1 was used for the analysis. Pairs of trials 
where the amplitude of the M wave differed by more than 25% were discarded. The 
significance level was set at 0.05. 
 
6.3 Results 
H-reflex amplitude was recorded during or after the dorsal neck vibratory stimulus (10 or 20 
seconds) from the right soleus muscle that was conditioned hold-long. Figure 6.2 shows an 
example of comparisons of the control H-reflex amplitude and the test H-reflex amplitude. 
A ratio was obtained by dividing the mean value of individual test H-reflex amplitudes by the 
mean value of the control reflex amplitudes that were recorded without vibration (test 
amplitude divided by control amplitude). Figure 6.3 shows the averaged ratio of H-reflex 
amplitude for each vibration state.  
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Figure 6.2. An example of comparisons of control and test H-reflex amplitude 
This figure shows an example of comparisons of control and test H-reflex amplitudes for one 
subject. Upper left: comparison of H-reflex amplitude between “during 10 seconds” dorsal 
neck vibration (solid) and without vibration (dashed). Upper right: comparison of H-reflex 
amplitude between “after 10 seconds” dorsal neck vibration (interposed, solid) and without 
vibration (dashed). Bottom left: comparison of H-reflex amplitude between “during 20 
seconds” dorsal neck vibration (solid) and without vibration (dashed). Bottom right: 
comparison of H-reflex amplitude between “after 20 seconds” vibration (interposed, solid) 
and without vibration (dashed) 
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Figure 6.3. Mean value of normalized reflex of all subjects 
This graph shows the mean value of normalised H-reflex for each category of vibration. 
The mean value of H-reflex amplitude for each category of vibration (during 10 
seconds vibration, interposed 10 seconds vibration, during 20 seconds vibration, and 
interposed 20 seconds vibration) were divided by the mean value of the hold-long H-
reflex amplitude without vibration. Error bars indicate standard deviation. 
 
Even though the normalized H-reflex before the offset of 10seconds vibration (M = 1.09, SD 
= 0.11, t(5) = 1.945, p = 0.109) and 20 seconds vibration (M = 1.10, SD = 0.19. t(5) = 1.330, p 
= 0.241) represented approximately a 10% increase from the mean control value (=1), these 
changes were not significantly different from their control values. The reflexes recorded after 
the offset of the 10 seconds vibration (M = 0.98, SD = 0.10, t(5) = -0.506, p = 0.635) and 20 
seconds vibration (M = 1.02, SD = 0.03, t(5) = 1.323, p = 0.243) were also not different. 
Three of six subjects felt as if their head was rotating or nodding during the vibration period. 
One subject also felt slight dizziness after the experiment. 
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6.4 Discussion 
If neck afferents artificially driven by a vibratory stimulus modulate gamma motoneurons 
innervating the soleus muscle then this fusimotor drive should contract and tighten intrafusal 
fibres of the soleus muscle spindles, leading to a reduction in slack of the soleus muscle 
spindles. If this occurs, the amplitude of the H-reflex that is evoked from the right soleus 
muscle will be smaller than before application of the neck vibration because the effect of 
hold-long (slack) conditioning on the H-reflex is to increase the size of the reflex amplitude 
when compared to the size after hold-short conditioning. The amplitude of the H-reflex during 
and after neck vibration did not show any significant differences. Not only that, contrary to 
the hypothesis, the mean value of the normalized amplitude of the H-reflex measured during 
both 10 and 20 seconds of neck vibration tended to increase from their control values. This 
leads to two possible conclusions. 
   
First, the observed results suggests that the effect of the dorsal neck vibratory stimulus may 
not involve fusimotor neurons since the amplitude of the H-reflex recorded after hold-long 
conditioning of the triceps surae muscles did not become smaller but increased with a similar 
ratio that was observed in the previous experiment (Chapter 5). Therefore, the dorsal neck 
vibratory stimulus may influence the amplitude of the H-reflex in the direction of potentiation 
regardless of the muscle conditioning state of the triceps surae muscles. 
Also, the increased size of the mean value of the H-reflex was seen both at 10 seconds and 20 
seconds after the onset of the vibratory stimulus, and these were potentiated in a similar 
proportion (approximately 10%). Because vibration is a strong stimulus, startle must be also 
considered in this study. However, as startle is defined as a muscle response to a sudden and 
intense stimulus (See section 5.4), it is unlikely that H-reflex evoked after prolonged vibration 
(10 or 20 seconds) is still subject to startle effect. Also, if H-reflex was potentiated by startle 
effect, the amplitude of H-reflex evoked after 20 seconds vibration would be smaller than the 
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amplitude of H-reflex evoked after 10 seconds vibration because of habituation effect that 
reduces response of startle after repeated or prolonged exposure to stimulus. Therefore, the 
observed increases in amplitude of H-reflex may not involve startle effect. 
 
6.5 Follow  up study 
To test these proposals, a follow up study was conducted. 
The aim of this follow up study was to investigate the possibility that the after-effect of the 
dorsal neck muscle vibratory stimulus applied after either a short or long period of vibration 
(one or 20 seconds) can differently modulate the amplitude of the H-reflex with different 
forms of triceps surae muscles conditioning, hold-long, hold-intermediate, and hold-short.  
As stated in the previous experiment, fusimotor activation removes the slack from muscle 
spindles that resulted from hold-long muscle conditioning. The hypothesis of this experiment 
was that if the dorsal neck vibratory stimulus can alter the fusimotor activation of the soleus 
muscle, the amplitude of the H-reflex with hold-long triceps surae muscles conditioning 
should become similar to the amplitude of the H-reflex after hold-short muscle conditioning. 
In the previous experiment, the effect of the dorsal neck vibratory stimulus on the amplitude 
of the H-reflex was not tested after hold-short triceps surae muscles conditioning. Therefore, 
it was necessary to compare the effect of the dorsal neck vibratory stimulus with different 
forms of muscle conditioning applied to the triceps surae muscles.  
Also, if the fusimotor drive takes out the slack, and then the amplitude of hold-long H-reflex 
amplitude decreases; the decreased reflex amplitude must linger even after the offset of the 
vibratory stimulus. A concern here was that the H-reflex amplitude evoked during application 
of the dorsal neck vibratory stimulus may be contaminated by some sort of startle effect that 
increases the amplitude of the reflex. Therefore, this experiment measured the H-reflex 
amplitude one second after the offset of the vibratory stimulus. Also, to test whether dorsal 
neck vibration potentiate H-reflex amplitude regardless of the muscle conditioning forms, 
  Chapter 6 
 
 
140 
 
hold-long, hold-intermediate and hold-short muscle conditioning were applied to the triceps 
surae muscles. 
 
6.6 Methods - follow  up study 
Six subjects, four males and two females, of good general health between the ages of 24 and 
45 years old, took part in this study. The experimental procedure was approved by RMIT 
University Human Research Ethics Committee (HREC), and all participants gave informed 
consent (See appendix 2, 4, 7, 8 and 9).  
Each subject was seated in the custom build chair and their head was secured in the head 
frame. A blindfold was applied to eliminate visual inputs.  
The columnar shaped custom built vibrator (DC motor, 80Hz, Scientific Concepts, Glen 
Waverley, Australia) was attached horizontally on the skin overlying the C 2-3 level of the 
dorsal neck muscle by an elastic bandage. The intention was to vibrate the dorsal neck 
muscles bilaterally. 
 
The right triceps surae muscles were conditioned in three different forms, hold-long (HL), 
hold-intermediate (HM) and hold-short (HS). The right foot was fixed to the footplate that can 
rotate around the axis of the ankle joint. The triceps surae muscle conditioning was conducted 
by rotating this footplate in the sagittal plane. The right ankle joint was passively moved into 
an extension position (for hold-long) or flexion position (for hold-short) by 20 degrees, or 
kept in the test position (for hold-intermediate). After that, the subject was asked to perform 
isometric contraction of their right triceps surae muscles at the intensity of 10-20 % of their 
maximal voluntary contraction power for three seconds. This was done by asking the subject 
to try to stand on their toes. After cessation of the muscle contraction, they were asked to 
  Chapter 6 
 
 
141 
 
remain relaxed during the rest of the trials. Five seconds after the completion of this isometric 
contraction, the right ankle joint was passively and gently brought back to the test position.  
After completion of the muscle conditioning of the right triceps surae muscles, the vibrator 
was turned on at frequency of 80 Hz. In this study, two different durations of vibration, one 
second or 20 seconds, were applied. After the vibratory stimulus period, the electrical 
stimulus was applied to the right popliteal fossa to evoke the H-reflex from the right soleus 
muscle one second after the offset of the vibratory stimulus.  
These trials were tested three times for each test condition. A control trial was also conducted 
for normalization. This was recorded for three times without a vibratory stimulus (20 seconds 
interval between the end of muscle conditioning and the electrical stimulus) after each form of 
muscle conditioning of the triceps surae muscles. The order of the tests was randomized by 
flipping a coin.   
The mean reflex amplitude of each test condition (type of muscle conditioning and one or 20 
seconds vibration duration) was divided by the mean hold-short control (non-vibration) value, 
and then analysed using a 2x3 factorial repeated measures ANOVA. Post-hoc pairwise 
comparisons were conducted using a Bonferroni correction. Significance level was set at 0.05. 
Paired t-tests were used to compare the mean value of one second, 20 seconds vibration to the 
control value for each form of muscle conditioning. 
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6.7 Results - follow  up study 
 
 
Figure 6.4. An example of comparisons of control and test H-reflex amplitude 
This figure shows an example of comparisons of control and test H-reflex amplitude for one 
subject. Upper left: comparison between hold-long H-reflex amplitude after one second 
dorsal neck vibration (solid) and hold-short control amplitude (dashed). Upper right: 
comparison between hold-long H-reflex amplitude after 20 seconds dorsal neck vibration 
(solid) and hold-short control amplitude (dashed). Middle left: comparison between hold-
intermediate H-reflex amplitude after one second dorsal neck vibration (solid) and hold-short 
control amplitude (dashed). Middle right: comparison between hold-intermediate H-reflex 
amplitude after 20 seconds dorsal neck vibration (solid) and hold-short control amplitude 
(dashed). Bottom left: comparison between hold-short H-reflex amplitude after one second 
dorsal neck vibration (solid) and hold-short control amplitude (dashed). Bottom right: 
comparison between hold-short H-reflex amplitude after 20 seconds dorsal neck vibration 
(solid) and hold-short control amplitude (dashed). 
 
  Chapter 6 
 
 
143 
 
Figure 6.4 shows an example of comparisons between control H-reflex amplitude and test H-
reflex amplitude that were evoked after dorsal neck vibratory stimulus. 
The results of 2x3 factorial repeated measures ANOVA is shown in Figure 6.5. The analysis 
showed a significant main effect of muscle conditioning (F (1, 5) = 17.124, p = 0.011). The 
stimulus timing (one, 20 seconds) did not show a significant main effect (F (1, 5) = 1.107, p = 
0.341). No interaction effect was observed between the stimulus timing and muscle 
conditioning (F (1, 5) = 0.862, p = 0.488). 
Multivariate tests of the simple effect of muscle conditioning within each stimulus timing 
showed the following. The effect of muscle conditioning after one second of vibration was 
significant (F (2, 4) = 65.866, p = 0.001). Also the effect of muscle conditioning after 20 
seconds vibration was significant (F (2, 4) = 8.137, p = 0.039). Pairwise comparisons adjusted 
by a Bonferroni correction showed significant differences between hold-long and hold-short 
after one second vibration (p < 0.001, 95% CI (0.189, 0.333), hold-intermediate and hold-
short with one second vibration (p = 0.007, 95% CI (0.067, 0.276) and hold-intermediate and 
hold-short after 20 seconds vibration (p = 0.022, 95% CI (0.044, 0.427). Multivariate effects 
of stimulus timing within each level combination of muscle conditioning did not show any 
significant effects. 
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Figure 6.5. 2x3 repeated measures ANOVA 
Data were analysed using 2x3 repeated measures ANOVA. The main effect of muscle 
conditioning showed a significant effect. In other words, H-reflex amplitude with different 
muscle conditioning forms behaved differently, therefore, the H-reflex amplitude was 
dependent on different forms of muscle conditioning regardless of the duration and timing of 
application of the dorsal neck muscle vibration. Multivariate tests showed that there were no 
significant differences between one and 20 seconds vibration effect in each muscle 
conditioning form. 
 
Paired t-tests showed that the after-effect of the one second, and 20 seconds dorsal neck 
vibratory stimulus did not increase H-reflex amplitude from their control values (non 
vibration) after any forms of muscle conditioning of the triceps surae muscles.  
The control value of the H-reflex after hold-short muscle conditioning was significantly 
different from the control value of the H-reflex after hold-long conditioning (t(1, 5) = 4.320, p 
= 0.008, 95% CI (0.10260, 0.40419)) and hold-intermediate conditioning (t(1, 5) = 4.164, p = 
0.009, 95% CI (0.07397, 0.31264)). However the difference between hold-long control and 
hold-intermediate control did not show a significant difference (t(1, 5) = 0.953, p = 0.384, 
95% CI (-0.10193, 0.22212)) (Figure 6.6)..  
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Four out of six subjects felt a kinaesthetic illusion such as if the head was nodding or rotating 
during the dorsal neck vibration.   
 
 
Figure 6.6. Mean value of normalized reflex  
This figure shows the mean value of the normalised H-reflex of each test condition. Dark 
blue = hold-short (HS). Blue = hold-intermediate (HM). Light blue = hold-long (HL). Gray = 
control value of each form of muscle conditioning (ctrl). One or 20 indicate duration of the 
dorsal neck vibratory stimulus. Data were expressed as the normalized reflex and its standard 
deviation of the H-reflex. Each mean value was divided by a mean value of hold-short reflex 
without vibratory stimulus (control) for normalization. Paired t-tests within each muscle 
conditioning form showed that there was no significant difference from their control values. 
 
6.8 Discussion - follow up study 
The aim of this follow up study was to investigate the after-effect of the dorsal neck vibratory 
stimulus on the amplitude of the H-reflex recorded from the right soleus muscle that was 
previously conditioned in hold-long, hold-intermediate and hold-short. It was hypothesised 
that that if the dorsal neck vibratory stimulus activate fusimotor neurons of the soleus muscle, 
the amplitude of the H-reflex after hold-long triceps surae muscle conditioning should 
become similar to the amplitude of the H-reflex after hold-short muscle conditioning. 
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Therefore, it was expected that the effect of the dorsal neck vibratory stimulus would be to 
attenuate or wash out the effect of the triceps surae muscle conditioning. 
The results of this study suggest that the after-effect of both the short (one second) and 
prolonged (20 seconds) duration dorsal neck muscle vibratory stimulus do not potentiate the 
H-reflex of the right soleus muscle regardless of the mechanical state of the soleus muscle 
spindles induced by muscle conditioning. The significant main effect and multivariate effect 
of muscle conditioning observed after vibration was delivered for either one second or 20 
seconds also suggests that the differences in the H-reflex amplitude caused by the different 
forms of muscle conditioning applied to the triceps surae muscles was not altered by the 
effect of the dorsal neck vibratory stimulus. 
 
As shown by the multivariate analysis, the effect of the length of the vibratory stimulus 
showed no difference in reflex size between the one second vibratory stimulus and 20 seconds 
vibratory stimulus. Additionally, the result of the pair t-tests showed that the amplitude of the 
H-reflex after both one second and 20 seconds vibration were not statistically different from 
their control values. These findings suggest that the dorsal neck vibratory stimulus has no 
after-effect on the amplitude of the H-reflex amplitude recorded from soleus muscles. 
 
These findings suggest that the dorsal neck vibratory stimulus does not activate fusimotor 
fibres innervating the soleus muscle. It was assumed that the if fusimotor activation removes 
slack of the intrafusal fibres resulted from the hold-long muscle conditioning of the triceps 
surae, the amplitude of the H-reflex must decrease and becomes similar amplitude of the 
hold-short reflex. 
The hypothesis of this study was framed by the notion that the amplitudes of the H-reflex 
after the different forms of muscle conditioning reflect the sensitivity of the muscle spindles. 
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However, the mechanism for the change in amplitude of the H-reflex observed after muscle 
conditioning involves aspects other than a direct reflection of the mechanical sensitivity of 
muscle spindles and their level of resting discharges.  
 
It is suggested that one reason for modulation of H-reflex amplitude after different muscle 
conditioning is a modulation of the level of post-activation depression that results from 
modulation of resting discharge of muscle spindles afferents. According to Hultbornet al. 
(1996), this post-activation depression is a homosynaptic depression that results from reduced 
neurotransmitter release from previously activated Ia afferent fibres. No changes in the 
membrane potentials of the motoneuron suggest that the mechanism of this depression is 
occurring presynaptically. This depression occurs when the Ia firing discharge is high, for 
instance, during a voluntary movement (Hultborn et al., 1996). Therefore, it is suggested that 
a high level of resting discharge of Ia afferent fibres as a result of hold-short induces a 
depletion of neurotransmitter from Ia afferent fibres, which in turn, results in a reduction of 
the amplitude of the H-reflex. In contrast, a large H-reflex can be observed because of less 
post-activation depression from a lower level of resting discharge of muscle spindles (Wood 
et al., 1996, Hultborn et al., 1996, Gregory et al., 1998). 
However, there is another possible reason for the reduction in amplitude of the H-reflex after 
hold-short muscle conditioning. As part of the hold-short muscle conditioning procedure, a 
muscle stretch occurs immediately before the completion of the procedure. It has been 
suggested that this muscle stretch also produces a post-activation depression of the Ia afferent 
fibres arising from the stretched muscles, and in turn, a reduction in H-reflex amplitude 
(Hultborn et al., 1996, Wood et al., 1996, Gregory et al., 1998). Therefore, the changes in 
amplitude of the H-reflex after the different muscle conditioning procedures are not an exact 
reflection of different level of the resting discharge of muscle spindle afferents. Therefore, it 
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would be reasonable to argue that the H-reflex may not be an appropriate tool to investigate 
fusimotor activation.  
 
On the other hand, there is another method to measure spinal reflex excitability – the tendon 
jerk. It is suggested that the tendon jerk is not affected by post-activation depression resulting 
from the muscle stretch involved in the hold-short muscle conditioning procedure (Gregory et 
al., 1998). Also, since the stimulus this reflex is a tap to the tendon. This ”stretch” is directly 
transmitted to the muscle spindles (See section 3.4). That is, the reflex pathway does not 
bypass the muscle spindle and reflex amplitude reflects the sensitivity of the muscle spindles, 
unlike the H-reflex. 
Therefore, in the next study, the tendon jerk instead of the H-reflex was employed to continue 
the investigation of the effect of dorsal neck vibration on fusimotor activation of soleus 
muscle spindles in the sitting Human. 
 
  
 
 
 
 
 
Chapter 7 
The effect of 
dorsal neck vibration 
in amplitude of tendon jerk 
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7.1 Introduction. 
The results of previous studies in this thesis (Chapter 5 and 6) showed that H- reflex 
amplitude did not significantly increase during application of the neck vibratory stimulus 
except immediately after the onset of the stimulus. Even though H-reflex amplitude during the 
rest of the vibratory period showed a trend towards an increase in amplitude, such increases 
were small (approximately ~110 %) and not significant. It was concluded that this observed 
increase was probably due to a startle effect. Therefore, it was concluded that a vibratory 
stimulus applied to the dorsal neck muscles does not have any effect on alpha motoneuron 
excitability as deduced from the changes in the amplitude of the H-reflex of the lower limb. 
 
The vestibulospinal tract is an excitatory neural pathway that mainly increases the excitability 
of the extensor muscles (anti-gravity muscles). Previous studies investigated target destination 
points of these pathways. It was suggested that the vestibulospinal pathway innervates all 
spinal levels and makes excitatory connections with α motoneurons (Shapovalov et al., 1967, 
Grillner et al., 1970b),  fusimotor motoneurons (Carli et al., 1966, Pompeiano et al., 1967a) 
and interneurons (Grillner and Hongo, 1972, Rossi and Mazzocchio, 1988) of the extensor 
muscles. It is also suggested that the  ventral reticulospinal pathway which receives inputs 
from the vestibular system and the neck modulates presynaptic inhibition of the limb muscles 
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(Manzoni, 1988, Iles and Pisini, 1992a).  Descending inputs from the lateral vestibular nuclei 
are known to receive inputs from otolith receptors (Fernandez and Goldberg, 1976) and their 
descending pathways excite static γ motoneurons (Grillner, 1969, Pompeiano, 1972, Molina-
Negro et al., 1980). Also, it is suggested that a caloric vestibular stimulus excites gamma 
motoneurons (Delwaide and Juprelle, 1977). 
 
These latter findings may explain why significant increases in the amplitude of the H-reflex 
with a dorsal neck muscle vibratory stimulus could not be observed in the previous studies 
(Chapter 5 and 6) since H-reflex amplitude does not reflect the mechanical sensitivity of the 
muscle spindles. Therefore the current study focused on the possibility that the vibratory 
stimulus activates descending pathways that excite fusimotor neurons of the lower limb 
muscles using the tendon jerk that is commonly used in the clinic to assess the integrity of the 
reflex arc in the limbs instead of the H-reflex. The amplitude of the tendon jerk provides a 
useful indicator of the mechanical sensitivity of the muscle spindle. If the mechanical 
sensitivity of the muscle spindle is low, then any stretch applied to the muscle will first be 
used to remove mechanical slack of the spindle. Therefore, the amplitude of the reflex will be 
small. Conversely, increasing the mechanical sensitivity of the muscles, for example, by 
muscle stretch will result in a large reflex response. 
 
This thesis has described previous studies that have shown that the mechanical sensitivity of 
muscle spindles may be systematically altered by defining the history of activation and length 
changes of the muscle – a protocol known as muscle conditioning (Proske et al., 1993)(See 
section 3.5) .  
The technique of muscle conditioning has been employed to leave muscle spindles in a slack 
state – known as hold-long muscle conditioning, to investigate whether neck muscle afferents 
activate descending pathways that increase the activity of the fusimotor neurons innervating 
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the soleus muscle. When the triceps surae muscles are conditioned as hold-long, the 
mechanical sensitivity of the muscle spindles is reduced leading to a reduced amplitude of the 
tendon jerk. It was hypothesised that if fusimotor activation occurred as a consequence of 
neck vibration, the descending efferent inputs should remove the slack that was created by 
hold-long conditioning by contracting the intrafusal fibres. Therefore the reflex amplitude of 
the tendon jerk should approach that evoked after conditioning the triceps surae muscles to 
leave spindles tight (Figure 7.1). 
 
 
Figure 7.1. Hypothesis: removal of slack in muscle spindles results in an 
increase in size of the tendon jerk 
The size of the tendon jerk after different muscle conditioning procedures behaves in the 
opposite way to the size of H-reflex. It is known that slack muscle spindles created by hold-
long muscle conditioning are associated with a smaller tendon jerk amplitude.  If fusimotor 
neurons innervating to soleus muscle spindles that are previously conditioned hold-long are 
activated, and if the dorsal neck vibratory stimulus activates these fusimotor neurons, then 
slack of muscle spindles of the soleus muscle must be removed.  It is also known that tendon 
jerk amplitude increases when the muscle spindles are tight (hold-short). Therefore, the 
removal of slack by fusimotor neurons should result in an increase in amplitude of the tendon 
jerk. 
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7.2 Methods 
 
    7.2.1 Experimental procedure 
 
Figure 7.2. The set up for the experiment 
Participants were seated in a custom built chair with their head fixed by a head frame and 
their shoulders secured to the chair back by a seat belt. The right foot was secured to a foot 
plate that could be rotated around the axis of the ankle joint in the sagittal plane. A blind fold 
was used to eliminate visual inputs during the experiment. A custom built vibrator (80 Hz) 
was applied to either the dorsal neck region or posterior aspect of the left forearm. See text 
for more complete description. 
 
The experiment was carried out on 15 healthy adults aged between 20 to 28 after obtaining 
informed consent. These subjects had no history of neurological disease, vestibular disorder, 
musculoskeletal problem or injury or pain in either the lower extremities or neck. No subject 
was taking any medications that may have impacted central nervous system or peripheral 
nerve function, or skeletal muscle function. The protocols of these experiments were 
approved by the RMIT University Human Research Ethics Committee (HREC), and all 
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participants gave informed consent (See appendix 3, 5, 7 and 9). Participants were seated in a 
chair with their head fixed by means of a head frame and asked to wear a blindfold. The 
experimental set up is shown in Figure 7.2. 
A preliminary study was designed as a positive control. The aim of this experiment was to 
successfully demonstrate that muscle conditioning applied to the triceps surae muscles 
systematically alters size of the Achilles tendon jerk. For hold-short conditioning, the 
subject’s foot was first passively planterflexed by 20° and then the subject asked to perform a 
voluntary isometric contraction for three seconds at an intensity of about 10-20 % of their 
maximal voluntary contraction (MVC). They then relaxed their muscles while foot position 
was maintained for a further five seconds before the foot was passively returned to its original 
intermediate position. For hold-long conditioning, the same protocol as hold-short 
conditioning was used except passive dorsiflexion of the foot was used instead of 
plantarflexion. The muscle conditioning technique (See section 2.5 and 3.5.2.1) was applied 
to the right triceps surae muscles to systematically alter the mechanical sensitivity of the 
muscle spindles to either slack (hold-long) or tight (hold-short). After each muscle 
conditioning procedure, the right foot was brought back to its original (intermediate) position. 
Approximately one second later, a tendon tap was applied to the right Achilles tendon. To 
evoke the tendon jerk, a spring-loaded counter-balanced hammer which was attached to the 
foot plate was used (See section 3.4 for details). Ankle angle was recorded using a 
potentiometer attached to the foot plate. These records were used to verify ankle angle / foot 
position changes associated with the muscle conditioning procedure Details are mentioned in 
chapter 3 (section 3.7). 
 
In the main study (Figure 7.3), a vibratory stimulus was applied to the dorsal neck muscles for 
10 seconds using the custom built vibrator (DC motor, 80 Hz, Scientific Concept, Glen 
Waverley, Australia) after applying muscle conditioning to the right triceps surae muscles 
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using the same protocol as the control experiment. The vibrator was fixed over the dorsal 
neck region by means of an elastic band attached over the shoulder or to the posterior forearm. 
The vibratory stimulus was applied to the skin overlying the dorsal neck muscles or the 
posterior part of the left forearm immediately before (during) or after (interposed) the offset 
of the 10 second vibration period. The purpose of the forearm vibration was to assess whether 
the vibratory stimulus itself was responsible for any effects observed – in other words, a non-
specific effect. Interposed reflexes were elicited five seconds after of the offset of vibration to 
avoid an arousal effect that may have been evoked by the sudden stop of the vibratory 
stimulus.  
 
 
Figure 7.3. Procedure of the experiment 
This diagram describes the procedure of the second experiment. First, the right ankle joint 
was dorsi- or planterflexed to initiate the muscle conditioning procedure. The subject was 
asked to isometrically contract their right triceps surae muscles for three seconds, followed 
by a five second relaxation period. After that, the right foot was brought back to its original 
test position. Immediately after the completion of the muscle conditioning procedure, the 
vibrator attached to either the dorsal neck region or forearm was turned on. This vibratory 
stimulus was applied for 10 seconds. To evoke the tendon jerk, a tendon tap was applied to 
the right Achilles tendon immediately before (during) or five seconds after (interposed) the 
offset of the vibratory stimulus. See the text for a more complete description. 
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To confirm that the muscles contracted and relaxed as required during the muscle 
conditioning protocol, soleus muscle activity was continuously recorded using surface EMG. 
Two adhesive electrodes were placed on the skin overlying the right soleus muscle, below the 
gastrocnemius muscle.  The inter electrode distance was two centimetres. A reference copper 
plate electrode was placed over the belly of the triceps surae muscles. The activity of the 
dorsal neck muscles and bilateral sternocleidomastoid muscles were also recorded to check 
those muscles were maintained in a relaxed state and this detected the onset and offset of the 
vibratory stimulus as well. A pair of electrodes was placed over the bellies of the dorsal neck 
muscles, three centimetres apart from the midline at the C2 level. Two pairs of electrodes were 
placed on the bellies of the sternocleidomastoid muscle, 1.5 cm apart, along a parallel line to 
the muscle fibres. Reference electrodes were placed over the spinous process of T1 and C7 
respectively.  
 
Five reflexes were recorded after each muscle conditioning sequence either during or after the 
vibratory period.  
Eight patterns of interventions (two muscle conditioning sequences, two vibration sites and 
two timings of the tendon jerk) were tested (See Figure 7.4). These different forms of muscle 
conditioning and the timing of the tendon tap (during or interposed) were together randomised 
for each subject. The order of the position where the vibratory stimulus was applied (dorsal 
neck or forearm) was also randomised among subjects. 
 
  Chapter 7 
 
 
157 
 
 
Figure7.4. Flow chart of experimental design 
Fully randomised repeated measures 3 way (2x2x2) ANOVA was used for the analysis. The 
vibratory stimulus was applied to either the dorsal neck or left forearm (Left column: Neck 
Vibration or Forearm Vibration). The tendon jerk was evoked immediately before or five 
seconds after the offset of the vibratory stimulus (Middle column: During or Interposed). The 
right triceps surae muscles were conditioned either hold-long or hold-short (Right column: 
Hold-long or Hold-short). All combinations of these factors were randomised. Significance 
level was set at 0.05.  
 
The mean amplitude of the five reflexes recorded for each intervention category was 
calculated for each subject. These values were normalized to the mean value of their hold-
short (control) tendon jerk amplitude that was evoked without vibration. In this way, data 
were pooled for subsequent analysis. As was described in the Introduction (7.1) and Figure 
7.1, it was expected that if dorsal neck vibration causes an excitation of the descending 
pathway that innervates fusimotor neurons of the lower extensor muscles, then slack of the 
muscle spindles would be removed, and the reflex amplitude after hold-long muscle 
conditioning should approach that evoked after hold-short muscle conditioning which is value 
1 (hold-short = control value). 
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The SEMG signal was amplified and fed into a PowerLab bioamplifier and data acquisition 
system (ADInstruments, Castle Hill, Australia) using a sampling rate 1024/sec and then 
digitally stored using Scope3 (ADInstruments, Castle Hill, Australia)  software for windows.  
 
    7.2.2 Data analysis 
Data were analysed using a 2x2x2 factorial repeated measures ANOVA. Each of the three 
factors had two levels. The first factor was the two forms of leg muscle conditioning (hold-
short, hold-long). The second factor was time - that is, the timing of the mechanical stimulus 
(either during vibration, or after vibration). The third factor was the body area that the 
vibratory stimulus was applied to (dorsal neck or forearm). Post-hoc pairwise comparisons 
were conducted using a Bonferroni correction. Significance level was set at 0.05. 
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7.3 Results  
 
    7.3.1 The effect of muscle conditioning of triceps surae muscles 
on the amplitude of the tendon jerk 
The study first determined the success of the muscle conditioning procedure to systematically 
alter the size of the Achilles tendon jerk. This was used as a positive control. 
The effect of muscle conditioning applied to the triceps surae muscles on the size of the 
tendon jerk is shown in Figure 7.5. The reflex size after this “hold-short” conditioning 
procedure was larger than when the triceps surae muscles were conditioned as hold-long. 
 
  
Figure 7.5. Positive control: Muscle conditioning procedure systematically 
alters tendon jerk amplitude in a predictable way 
Tendon jerk amplitude after hold-long and hold-short muscle conditioning were obtained as a 
positive control. After hold-short muscle conditioning, tendon jerk amplitude increased 
(solid). On the other hand, a small amplitude of the tendon jerk was observed after hold-long 
muscle conditioning (dash). These positive control reflexes were recorded without 
application of the vibratory stimulus. Group data of positive control are shown in Figure 7.6. 
 
The pooled group data are shown in Figure 7.6. The size of the tendon jerk after hold-short 
triceps surae muscle conditioning was significantly larger than the reflex after hold-long 
muscle conditioning (t(14) = 18.002, p<0.001 M = 0.62534, SD = 0.3474, 95% CI (0.55083, 
0.69984)).  
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Figure 7.6 Positive control of tendon jerk amplitude recorded from the right 
triceps surae that was previously conditioned as hold-long or hold-short 
It was demonstrated that the muscle conditioning alters tendon jerk amplitude in a 
predictable way. The mean value of both the hold-long and hold-short tendon jerk amplitude 
was divided by the mean value of the hold-short mean amplitude for normalisation. Data 
were expressed as normalised reflex ratio. Error bar indicates standard deviation. Because 
data were normalised based on hold-short mean value, the normalised reflex after hold-short 
conditioning is 1.0 with no standard deviation. 
 
These results were confirmation of previous studies showing that the larger tendon jerk after 
hold-short muscle conditioning is due to an increased stretch sensitivity of the muscle 
spindles (Gregory et al., 1987). This expected effect of muscle conditioning on tendon jerk 
amplitude was always confirmed for each subject before the next stage of the experiment 
commenced.  
Not only the positive control study but also the repeated measure 3 way ANOVA showed 
significant main effect for triceps surae muscle conditioning (F (1, 14) = 45.37, p < 0.001). 
This suggests that the difference between the effect of hold-long and hold-short muscle 
conditioning on the amplitude of the tendon jerk was consistent through the whole experiment. 
    7.3.2 Dorsal neck or forearm vibratory stimulus 
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Figure 7.7. Example of hold-short tendon jerk amplitude with different 
conditioning and vibratory stimuli: Dorsal neck and forearm vibration (hold-
short) 
This graph shows an example of the comparison of size of tendon jerk with different 
intervention. The hold-short tendon jerk recorded during dorsal neck vibration, (DHS, solid) 
and hold-short tendon jerk recorded during forearm vibration (DHSarm, dashed) were 
compared.  
 
The size of the tendon jerk evoked during and after application of the forearm vibratory 
stimulus that was applied as a non-specific stimulus did not show any significant increases 
from their control values (hold-short, during (t) = -1.733, P =0.105), (hold-short, interposed 
(t) = -7.79, P =0.449), (hold-long, during (t) = -4.33, P =0.671), (hold-long, interposed (t) = 
1.027, P =0.322). Figure 7.7 shows an example of the comparison of the hold-short tendon 
jerk recorded during dorsal neck vibration and forearm vibration. The simple main effect of 
body area also showed a significant difference between dorsal neck and forearm vibration (F 
(1, 14) = 17.31, p = 0.001). The effect of dorsal neck vibration on the amplitude of the tendon 
jerk was significantly larger than the effect of forearm vibration under all conditions, 
regardless of the type of triceps surae muscle conditioning and whether the reflex was evoked 
during or after the vibratory stimulus. This was expressed by F tests of the multivariate simple 
effect of body area within each level combination of the other effects, for hold-short during, 
(F (1, 14) =11.493, p = 0.004), for hold-short interposed, (F (1, 14) = 9.039, p = 0.009), for 
hold-long during, (F (1, 14) = 7.087, p = 0.019), and for hold-long interposed, (F (1, 14) = 
7.061, p = 0.019). Therefore it is suggested that the dorsal neck vibratory stimulus has a 
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specific and a statistically larger effect on the size of the tendon jerk than the forearm 
vibratory stimulus with all combinations of other factors.  
 
    7.3.3 Stimulus timing 
Finally the time “time” factor, that is, whether the tendon jerk was applied during or after the 
vibratory stimulus, also showed a significant main effect (F (1, 14) = 26.66, p < 0.001). 
According to the hypothesis, tendon jerk amplitude might be expected to be the same as the 
control (positive) hold-short amplitude – because the muscle spindles’ sensitivity should be 
increased by fusimotor activation resulting in the removal of slack from the muscle spindles.  
To test this hypothesis, a post-hoc pairwise comparison was performed. After hold-long 
conditioning of the triceps surae muscles, the amplitude of the tendon jerk, which was evoked 
after cessation of the vibratory stimulus was significantly smaller than during vibration (F (1, 
14) = 5.692, P =0.032), and also not significantly different from its control value ( t(14) = -
2.042, P =0.060). Figure 7.8 shows an example of the data.  
 
 
Figure 7.8. Example of hold-long tendon jerk amplitude with different stimulus 
timing: During and Interposed dorsal neck vibratory stimulus (hold-long) 
This graph shows an example of a comparison of tendon jerk amplitude. Hold-long tendon 
jerk recorded during dorsal neck vibration (DHL, solid) and hold-long tendon jerk recorded 
after (interposed) dorsal neck vibration (IHL, dashed) were compared.  
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Meanwhile, the after-effect of the dorsal neck vibratory stimulus with the leg muscles 
conditioned as hold-short remained high (Figure 7.9), and significantly different from its 
control value (t (14) = -2.498, P =0.026). However it was still significantly smaller than the 
amplitude that was recorded during application of the dorsal neck vibratory stimulus (F (1, 
14) = 12.306, P =0.003). 
 
 
 
Figure 7.9. Example of hold-short tendon jerk amplitude with different stimulus 
timing: During and Interposed dorsal neck vibratory stimulus (hold-short) 
This graph shows an example of the comparison of tendon jerk amplitude. Hold-short tendon 
jerk recorded during dorsal neck vibration, (DHS, solid) and hold-short tendon jerk recorded 
after (interposed) dorsal neck vibration (IHS, dashed) were compared.  
 
The group data of changes in tendon jerk amplitude for each condition are shown in Figure 
7.10. During dorsal neck vibration, the amplitude of the tendon jerk increased after both forms 
of triceps surae muscle conditioning in comparison to their control values (hold-short (t) = -
4.142, P =0.001) and (hold-long (t) = -3.881, P = 0.002).  
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Figure 7.10. Effect of dorsal neck/ forearm vibratory stimulus on reflex size 
after hold-long/ hold-short muscle conditioning of triceps surae muscles 
Each mean value of the test tendon jerk amplitude was divided by the mean value of the 
control tendon jerk reflex (hold-short, no vibration) for normalisation. Blue colored bars 
indicate dorsal neck vibratory stimulus (dark blue = hold-short, light blue = hold-long). 
Brown colored bars indicate forearm vibratory stimulus (dark brown = hold-short, light 
brown = hold-long). Initial letter (D or I) of legends indicates time of stimulus (During or 
Interposed). Each bar shows mean value of the tendon jerk amplitude for each condition. 
Error bars express standard deviation. 
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7.4 Discussion 
 
    7.4.1 Introduction 
This study investigated whether activation of dorsal neck muscle spindle afferents induced by 
a dorsal neck vibratory stimulus increases the excitability of fusimotor neurons innervating 
the soleus muscle. If neck muscle spindle afferents connect to the vestibulospinal pathway 
that excites lower limb extensor fusimotor neurons, it would be expected to find an increase in 
size of the soleus tendon jerk after triceps surae muscles were conditioned to leave soleus 
muscle spindles in a desensitized state. Previous studies have suggested that neck muscle 
spindles have connections to the vestibular nuclei (Hirai et al., 1984, Thomson et al., 1996, 
Sato et al., 1997, Manzoni et al., 2004, Wilson, 1991, Matsushita et al., 1995) and that the 
descending input from Deiter’s nucleus modulates static fusimotor neurons (Pompeiano, 1972, 
Molina-Negro et al., 1980). 
 
    7.4.2 No effect on fusimotor neurons 
The most important finding of this study is that the size of the tendon jerk after conditioning 
the triceps surae muscles to leave muscle spindles slack (hold-long) evoked after cessation of 
dorsal neck vibration was not different from its control value (hold-long without 
vibration)(See 7.3.3). This result suggests that activation of dorsal neck muscle spindles 
afferents do not potentiate fusimotor neurons that innervate the soleus muscle. Previous 
studies established that the amplitude of the soleus tendon jerk is systematically affected by 
muscle conditioning. Hold-long conditioning leaves the muscle spindle’s mechanical state 
slack, resulting in a small amplitude of the tendon jerk. Conversely, hold-short conditioning 
tighten the muscle spindle resulting in large reflex (Gregory et al., 1987). The positive control 
experiment confirmed that systematically changing the triceps surae muscle contraction and 
length history modified the amplitude of the tendon jerk in a predictable way. It was reasoned 
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that, if the triceps surae muscles were conditioned as hold-long which would leave triceps 
surae muscle spindles slack, any subsequent fusimotor activity that resulted in contraction of 
the intrafusal muscle fibres should result in the removal of slack. This, in turn, would be 
reflected by a larger tendon jerk amplitude. Further, if the consequence of the dorsal neck 
vibration resulted in the activation of fusimotor neurons, and removal of the slack that was 
created in triceps surae muscle spindles, this effect should remain even after the offset of the 
stimulus. A similar method had previously been used by Gregory et al. (2001) to test the 
proposal that the Jendrassik manoeuvre activates triceps surae fusimotor neurons. In their 
study, the triceps surae muscles were conditioned to leave muscle spindles slack. If the 
Jendrassik manoeuvre activated fusimotor neurons then this should result in a reduction of 
slack and therefore, an increased size in tendon jerk amplitude – approaching that of the hold-
short tendon jerk amplitude (Gregory et al., 2001a). This was not found. Our result was 
similar to theirs; showing that only the ongoing dorsal neck vibratory stimulus potentiated the 
tendon jerk after hold-long conditioning, and the potentiation effect diminished five seconds 
after the offset of the vibratory stimulus (See 7.3.3). This suggests that dorsal neck vibration 
potentiates tendon jerk amplitude but not through activation of the fusimotor neurons.  
During dorsal neck vibration, an increase in the amplitude of the tendon jerk with both hold-
long and hold-short triceps surae muscle conditioning was observed (See 7.3.3). These results 
indicate that the ongoing discharge of dorsal neck muscle spindle afferents have an effect to 
potentiate the soleus tendon jerk regardless of the mechanical sensitivity of the triceps surae 
muscle spindle. The fact that the hold-short reflex increased during the vibratory stimulus also 
suggests that the dorsal neck vibratory stimulus does not activate fusimotor neurons. It has 
been shown that when a muscle is conditioned to maximize spindle stretch sensitivity, the 
response of the spindle to a quick stretch (i.e. tendon tap) cannot be increased by further 
fusimotor activity (Wood et al., 1994). If this is true, the hold-short tendon jerk should remain 
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of a similar size to its control value. Therefore, the implication is that factors other than 
fusimotor activation are involved in this potentiation of the reflex. 
 
    7.4.3 Possibility of a startle reaction 
The possibility that the potentiation in reflex size was due to a startle effect must be 
eliminated since the vibratory stimulus is a relatively strong artificial stimulus. Startle is a 
muscle response to a sudden and intense stimulus including those of tactile, visual or auditory 
origin. In fact, the vibratory stimulus delivers both an auditory and a tactile stimulus. 
Therefore, the startle response must be considered as a candidate responsible for potentiation 
of the tendon jerk.  
The forearm vibratory stimulus was employed to assess whether the observed effect of dorsal 
neck vibration was due to a startle response. If startle was responsible for the change in size of 
the tendon jerk, it would be expected that the tendon jerk would increase in size regardless of 
the location of the vibratory stimulus (i.e. a non-specific response). Also, it would be expected 
that this response would not be present five seconds after cessation of the vibration. The 
results do not support such a conclusion. The results suggest that there is a neck-specific 
increase in tendon jerk amplitude. 
The fact that the tendon jerk was evoked after a relatively prolonged vibratory stimulus (10 
seconds) also argues against the possibility of a startle effect. The possibility of habituation 
was also considered. This is a natural property of startle. However, when reflexes elicited 
consecutively were plotted, there was no evidence of a trend to decreasing size over time. So 
there was no clear progressive decrease in reflex amplitude during successive applications of 
the vibratory stimulus. Moreover, the order of each experimental test condition was 
randomized. Therefore, it is unlikely that a startle effect of the vibratory stimulus explains the 
results.  
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Even though a significant change in size of the tendon jerk was not seen with forearm 
vibration, an upward trend in the mean value of reflex amplitude after both forms of triceps 
surae muscle conditioning compared with their control value was observed. Moreover, the 
amplitude of the tendon jerk after vibration ceased was consistently smaller than when the 
tendon jerk was evoked during application of forearm vibration, regardless of the other two 
factors.  
Therefore, this study cannot completely eliminate the possibility of a non-specific potentiating 
effect that the vibratory stimulus itself peculiarly has on triceps surae tendon jerk reflex 
amplitude. However, the significant differences between the mean values of reflex size with 
dorsal neck and forearm vibration for all combinations of muscle conditioning and time 
suggests that dorsal neck vibration has its own specific effect on the TS reflex excitability. 
 
    7.4.4 After-effect of dorsal neck vibration  
Interestingly, the significant potentiation of the tendon jerk still remained even five seconds 
after the end of the dorsal neck muscle vibratory stimulus. This was only observed after hold-
short triceps surae muscle conditioning. This prolonged after-effect could not be observed 
with hold-long triceps surae muscle conditioning. In other words, the extent of tendon jerk 
potentiation in response to dorsal neck muscle vibration was large when the triceps surae 
muscles were mechanically sensitive in comparison to when the triceps surae muscle spindles 
were rendered slack. Since it is suggested that a vibratory stimulus to the muscles induces a 
sustained proprioceptive message mediated by Ia primary afferents (Duclos et al., 2007), the 
possibility is that both the tonic increase in Ia afferent discharge introduced by hold-short 
muscle conditioning and the lingering effect of the dorsal neck vibratory stimulus through the 
vestibulospinal descending pathway together increased the response probability of the 
motoneuron to the Ia afferent volley induced by tendon tap. It is suggested that the 
reticulospinal tract also receives vestibulospinal inputs, and then contributes to controlling 
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limb motoneurons through the spinal cord (Wilson and Peterson, 1981a)[cited by (Kennedy et 
al., 2004a)]. Also Renshaw cells in the  spinal cord respond  to descending vestibulospinal 
inputs (Pompeiano and Allum, 1988). Therefore, the descending vestibulospinal pathway not 
only monosynaptically, but also polysynaptically projects to the motoneurons mediated 
through interneurons. If the excitation level of the interneurons that mediate the 
vestibulospinal pathways remains high even after the offset of the vibratory stimulus, then it 
would be suggested that a convergence mentioned above possibly occurs. However, no 
evidence for this proposal was provided from the current study.   
 
    7.4.5 Conclusion 
Recent studies have shown that neck vibration induces an increase in sway of the trunk or an 
alteration in the perception of the body centre (Manzoni et al., 1998a, Ceyte et al., 2006, Bove 
et al., 2002, Bove et al., 2007). The message from these studies is that changes in neck 
somatosensory information modify the internal reference frame of the body centre, resulting 
in disturbances in locomotion or standing.  
However, changes in the excitability of lower limb motoneurons as measured by changes in 
reflex size were observed even when subjects were not performing any balancing tasks. This 
study suggests that the effect of a change in somatosensory signals can influence lower limbs 
motoneuron’s excitability even without a postural challenge. 
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8.1 Introduction 
The vestibular apparatus is known not only as a sensory organ that detects the spatial 
orientation of the head in response to gravity but also a vital system that maintains limb 
extensor muscle tone that is necessary for postural regulation. Especially, it is known that the 
lateral vestibular nuclei are capable of modulating lower motor neurons excitability through 
the vestibulospinal tract (Gernandt et al., 1959, Grillner et al., 1970a, Wilson and Peterson, 
1981b, Matsuyama and Drew, 2000) by monosynaptically and polysynaptically accessing 
alpha (Wilson and Yoshida, 1968, Grillner et al., 1970a, Manzoni, 1988, Pompeiano, 1988, 
Mochizuki et al., 2006, Haines et al., 2006) and gamma motoneurons (Carli et al., 1966, 
Pompeiano et al., 1967b, Grillner et al., 1970a, Pompeiano, 1972, Molina-Negro et al., 1980, 
Burke et al., 1980)(cf. (Bent et al., 2007)). Therefore, changes in vestibular afferent input 
from both the semicircular canals and otolith organs can influence muscle activity necessary 
for postural regulation. 
 
For instance, galvanic vestibular stimulation (GVS) that is a well accepted tool to activate 
peripheral vestibular nerves modulates the excitability of the limb motoneurons (Iles and 
Pisini, 1992b, Kennedy and Inglis, 2001). Also it has been shown that caloric vestibular 
stimulation that can activate afferents from the semicircular canals by changing the 
temperature of the lymph fluid excites lower motoneurons (Delwaide and Juprelle, 1977). 
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It has been reported that changes in otolith inputs induced by whole body tilt also modulates 
spinal reflex excitability in man. Chan and Kearney (1982, 1984) observed that H-reflex 
amplitude recorded from the soleus muscle was increased at angles of body tilt of 30 through 
to 150 degrees (from horizontal/supine) and reached a minimum when the body was in a 
vertical position. Also, Aiello et al. (1983) observed a decrease in soleus H-reflex amplitude 
when the body was tilted from vertical to horizontal (Supine), and the amplitude of the H-
reflex increased when the body was tilted from horizontal to the vertical. Knikou and Rymer 
(2003) showed that H-reflex amplitude which was recorded from the soleus muscle 
progressively increased as the whole body (supine) was tilted from the horizontal plane to 40 
degrees. The increase in reflex size then started to decrease as the body was tilted further 
towards vertical - although it remained higher than the size of the reflex recorded when the 
body was horizontal. 
These studies that observed changes in reflex amplitude following whole body tilt argue that 
natural stimulation of the vestibular system has potent modulatory effects on reflex 
excitability (Knikou and Rymer, 2003). 
 
The influence of neck proprioceptive inputs on postural control has also been reported. For 
instance, a vibratory stimulus applied over the neck muscles which strongly excites muscle 
receptors induces postural sway in standing subjects (Kavounoudias et al., 1999, Andersson 
and Magnusson, 2002, Kasai et al., 2002, Bove et al., 2006). The previous study (Chapter 7) 
showed that spinal reflex excitability of lower limb muscles in relaxed and seated subjects 
also increases during a dorsal neck vibratory stimulus. 
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An insight into the mechanism underlying this phenomenon comes from anatomical studies. 
Afferents from the dorsal neck muscles project to vestibular nuclei through central cervical 
nuclei.  
It is suggested that neck muscle spindle afferents have connections to the vestibular nuclei 
(Matsushita et al., 1995, Thomson et al., 1996b, Sato et al., 1997b) and vestibular and neck 
afferents activate the same neurons within the vestibular nuclei (Wilson, 1991). This suggests 
an interaction between vestibular afferents and neck inputs. 
 
For instance, Popov et al. (1996) investigated postural sway responses to a vibratory stimulus 
applied to the dorsal neck muscles in people with a unilateral vestibular lesion and in normal 
subjects. They observed that normal subjects sway forward after application of dorsal neck 
vibration. Unilateral vibration applied contralateral to the lesion side also induced forward 
sway. However, vibration applied to the same side of the dorsal neck as the vestibular lesion 
induced sway towards the lesioned side or backwards with a smaller sway amplitude. They 
concluded that vestibular control of postural adjustments are interdependent with the state of 
afferent signals from the neck (Popov et al., 1996). They also suggested that these 
observations can be explained at the level of postural control of the vestibular and neck reflex 
or at the level of central representation of body orientation. 
 
Kennedy and Inglis (2002) used galvanic vestibular stimulation in subjects lying prone with 
different head rotations. They observed different GVS responses of the H-reflex that was 
recorded from the right soleus muscle depending on head position. The greatest facilitation 
was observed when the head was turned left and cathodal stimulation was applied. On the 
other hand, maximum inhibition was observed when the head was turned right with anodal 
stimulation (Kennedy and Inglis, 2002). What is important to note in their study is that the 
subjects were lying prone and relaxed, and not performing a postural task. The central 
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representation mentioned in the study of Popov et al. (1996) is thought to occur in the context 
of voluntary postural tasks, such as standing. Therefore the results of the Kennedy and Inglis 
(2002) study suggest that the observed modulation of lower limb reflex excitability is 
influenced by vestibular and neck inputs at rest in Humans lying prone. 
 
Animal studies have also shown that the responses of the Purkinje cells in the cerebellar 
vermis to vestibular stimulation differs depending on the degree of neck rotation, suggesting 
that neck inputs modify vestibulospinal reflexes leading to labyrinthine-driven muscle 
responses (Manzoni et al., 1998, Manzoni et al., 2004). 
The implication is that if neck afferents regulate convergence of vestibular afferents and 
vestibular reflexes based on the requirements of body stabilization, voluntary postural tasks or 
a reaction against a postural (vestibular) disturbance may be necessary in order to observe the 
modulation of motor output that is generated (regulated) by neck proprioceptive inputs. 
Therefore, it was hypothesised that a change in the level of resting discharge of neck muscle 
proprioceptors that is modified by changing the contraction and length history of the dorsal 
neck muscles on reflex excitability of the lower limb muscles would be different when the 
loading state of vestibulospinal pathways was changed. 
 
It was hypothesised that if the rate of resting discharge of dorsal neck muscle proprioceptors 
is modulated by altering the contraction and length history of the dorsal neck muscles, and if 
vestibular inputs combine with neck afferent input to regulate motoneuron excitability of the 
lower limb muscles, then the level of reflex excitability in response to static whole body tilt 
should be dependent on the contraction and length history of the dorsal neck muscles in a 
predictable way. 
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To create a varying vestibular background activity, static face-up whole body tilt was 
employed to alter motoneuron excitability. Changes in spinal reflex excitability to static 
whole body tilt are variable among different studies. For instance, Chan and Kearney (1984) 
showed that the amplitude of the H-reflex reached a minimum as the body approached a near 
vertical position (90˚). It increased as the subject was tilted forward (150˚) or backward (30˚) 
(Chan and Kearney, 1984). On the other hand, Aiello et al. (1983) showed that the amplitude 
of the H-reflex increased linearly from horizontal towards vertical (Aiello et al., 1983). In a 
later study, Knikou and Rymer (2003) conducted a similarly designed study to Aiello et al. 
(1983) showing that nose-up static tilt induced facilitation of the H-reflex. The reflex 
progressively increased from a horizontal position to 40˚ tilt, and then progressively decreased 
to 90˚ (Figure 8.1). It was suggested by their study that it is difficult to simply compare these 
different results due to the different methodologies (Knikou and Rymer, 2003). Despite the 
discrepancy of these results, there is a common finding that lower limb reflex excitability 
increases around 30˚ - 40˚ head-up tilt compared to the horizontal position. The assumption is 
that the amount of vestibular loading is higher at these degrees than in the horizontal position. 
Therefore, the current study used whole body tilt of 0˚ and 30˚ head-up tilt to create different 
vestibular-driven background activities of the motoneurons of the lower limbs.  
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Figure 8.1. Changes in H-reflex amplitude with whole body tilt (Knikou and 
Rymer, 2003) 
Knikou and Rymer (2003) found that the amplitude of the H-reflex progressively increased 
when whole body of the supine subject was tilted from horizontal to 40 degrees. Further tilt 
towards vertical position caused a decrease in amplitude compared to 40 degrees; however, 
they still remained larger than the control amplitude (horizontal). This figure was adapted 
from (Knikou and Rymer, 2003). 
 
Meanwhile, inputs from neck muscles in each tilt position were altered by changing the 
contraction and length history of the dorsal neck muscles to observe any change in response 
patterns of reflex amplitude recorded from the soleus muscle. If neck afferents influence the 
loaded vestibulospinal reflex, the effect of neck inputs should be reflected at 30 degrees head-
up tilt. 
 
8.2 Methods 
 
    8.2.1 Subjects 
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The experiment was carried out on 10 healthy adults (five male and five female) aged 
between 19 and 26 after obtaining informed consent. These subjects had no history of 
neurological disease, vestibular disorder, musculoskeletal problem or injury or pain in either 
the lower extremities or neck. No subject was taking any medications that may have impacted 
central nervous system or peripheral nerve function, or skeletal muscle function. The 
protocols of these experiments were approved by the RMIT University Human Research 
Ethics Committee (HREC), and all participants gave informed consent (See appendix 4, 5, 7 
and 10). Subjects lay in a supine position with their right leg placed on the foot plate. The 
position of the body was adjusted so that the angle formed by the thigh and calf was 120˚. 
This was done to maintain the length of the right triceps surae muscle consistent in the test 
position. Visual input was eliminated by a blindfold. 
 
    8.2.2 Tilt table 
Whole body tilt in the sagittal plane was induced by a tilt table that was originally designed 
for chiropractic practice (Figure 8.2). The tilt table could be rotated from 0 degree to 30 
degree and vice versa at a rotation speed of approximately six degrees per second. The 
subjects’ body was stabilized using velcro straps placed around the subject’s pelvis to prevent 
their body from slipping down the table during tilt. At 30 degrees whole body tilt, subjects 
were required to support their weight by their left leg, and relax their right leg. 
Electromyographic signals from the right soleus muscle were monitored to confirm that these 
muscles were not activated. This was necessary to maintain muscle relaxation at appropriate 
times during and after muscle conditioning of the triceps surae muscles since any muscle 
activation would cancel out the effect of this muscle conditioning. 
After completion of body tilt, two minutes rest time elapsed for the adaptation of fast adapting 
cutaneous receptors that might be affected by the change in body alignment with respect to 
gravity. 
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Figure 8.2. Feature of the tilt table. 
Whole body tilt was induced by means of a tilt table that was originally designed for 
chiropractic practice. A steel frame was attached to the right side of the table so that a foot 
plate unit that was used in the previous experiment (Chapter 7) could be attached. Foam 
blocks were placed under the right limb and under the left sole. The subject’s trunk and right 
foot were stabilized by velcro straps. The head piece was motorized so that the neck could be 
flexed/extended at a consistent speed. A plastic sheet was inserted between the head and the 
head piece so as to minimize frictional forces during head and neck movement.  
 
    8.2.3 Dorsal neck muscle conditioning 
Muscle conditioning procedures of the right triceps surae muscles and the dorsal neck muscles 
were simultaneously performed. The head and the right foot were passively moved into the 
equivalent hold-long or hold-short position. The combination of dorsal neck muscle and right 
triceps surae muscle conditioning was randomized. After a verbal cue was given by the 
investigator, subjects isometrically contracted both their dorsal neck muscles and their right 
triceps surae muscles for three seconds. The contraction power was required to be 10-20 % of 
maximal voluntary contraction for both muscle groups. Five seconds after the offset of the 
contraction, the head and right foot were passively and gently returned to their original 
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position. Subjects were required to relax their dorsal neck muscles as well as their right 
triceps surae muscles until the mechanical stimulus was delivered. 
 
 
Figure 8.3. Experimental procedure. 
First, the subject lay supine and the table was tilted to 30 degrees or left horizontal. After 
completion of whole body tilt, two minutes rest time elapsed to minimize any effects from fast 
adapting cutaneous receptors. After this period, dorsal neck muscle conditioning in the sagittal 
plane was performed - either hold-long or hold-short. At the same time, the tight triceps surae 
was conditioned as hold-short or hold-long so that muscle spindles of the triceps surae 
muscles had a defined history. The spinal reflex either tendon jerk or H-reflex was evoked 
immediately after the completion of the muscle conditioning procedure. All combinations of 
tilt degree, dorsal neck muscle conditioning, spinal reflexes were separately tested. 
 
    8.2.4 Spinal reflexes 
For the tendon jerk reflex, the mechanical stimulus to the right Achilles’ tendon was delivered 
by a counter balanced hammer immediately after (approximately one second) return to the test 
position.  
The H-reflex was also recorded from the right soleus muscle. For the H-reflex study, only 
dorsal neck muscle conditioning was employed, and not leg muscle conditioning. The state of 
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the triceps surae muscles was defined by an initial isometric muscle contraction before each 
trial. The experimental protocol is shown schematically in Figure 8.3.   
 
    8.2.5 Data Analysis 
The peak-to-peak amplitude of both the tendon jerk and the H-reflex were measured. The 
mean values of each combination of dorsal neck and triceps surae muscle conditioning, and 
tilt degree were normalized. For normalisation, the mean value of the reflex amplitude in each 
test condition was divided by the mean value of the control hold-short amplitude of each 
subject so that individual data could be pooled. 
For the positive control that is, change in reflex size after triceps surae muscle conditioning, a 
one sample t-test was used to compare the mean value of hold-long and hold-short 
conditioning of the right triceps surae muscles. 
For the tendon jerk study, a 3 way repeated measures ANOVA was used with factors of dorsal 
neck muscle conditioning (neck), degree of the body tilt (tilt) and leg muscle conditioning 
(leg). The significance level was set at 0.05 with a Bonferroni correction for post-hoc pairwise 
comparisons. 
For the H-reflex study, a 2 way repeated measures ANOVA was used with factors of dorsal 
neck muscle conditioning (neck) and degrees of the body tilt (tilt). For the post-hoc pairwise 
comparisons, a paired t-test was used. Significance level was also set at 0.05 with a 
Bonferroni correction for post-hoc pairwise comparisons. 
 
8.3 Results  
 
    8.3.1 Positive control of triceps surae muscle conditioning (hold-
long vs. hold-short) 
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Figure 8.4. Positive control of triceps surae muscle conditioning 
Upper panel: This figure shows sample data of positive control tendon jerk amplitude after 
hold-long (dashed) and hold-short (solid) muscle conditioning. 
Lower panel: This graph shows the comparison of mean values of tendon jerk amplitude 
between hold-long and hold-short conditioned triceps surae muscles. The mean value of five 
tendon jerk amplitude after both hold-long and hold-short muscle conditioning were divided 
by the mean tendon jerk amplitudes after hold-short conditioning.  Blue bars indicate the 
mean value of the normalised reflex. Error bar indicates standard deviation. It was 
demonstrated that tendon jerk amplitude can also be altered by muscle conditioning in the 
supine position, in the same matter as sitting that was tested in previous studies. 
The positive control of triceps surae muscle conditioning on the amplitude of the tendon jerk 
is shown in Figure 8.4. It showed a significant difference between hold-long and hold-short 
muscle conditioning ((t) = -9.610, p < .001). This is confirmation of previous studies 
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suggesting that the observed effect on tendon jerk amplitude is due to altered muscle spindle 
sensitivity (Gregory et al., 1990).  
 
    8.3.2 Main findings 
For the tendon jerk experiment, the important finding was that the difference in the amplitude 
of the tendon jerk after the two kinds of dorsal neck muscle conditioning was significantly 
different only when the body was tilted (F (1, 9) = 7.204, p = 0.025). There was no difference 
between the two forms of dorsal neck conditioning when the body was in a horizontal 
position (F (1, 9) = 0.175, p = 0.685). Also the effect of whole body tilt to 30 degrees was 
significant when the dorsal neck muscles were conditioned as hold-long (F (1, 9) = 10.402, p 
= 0.010) but not hold-short (F (1, 9) = 0.554, p = 0.476). These effects were specific when the 
triceps surae muscles were conditioned as hold-short (Figure 8.5). 
On the other hand, when the triceps surae muscles were conditioned as hold-long, a larger 
tendon jerk amplitude was observed with whole body tilt to 30 degrees. This effect was 
observed regardless of the dorsal neck muscle conditioning state, either hold-long (F (1, 9) = 
5.215, p = 0.048) or hold-short (F (1, 9) = 5.490, p = 0.044). It was considered that it was 
difficult to condition the triceps surae muscles as hold-long in this experimental setting 
(Figure 8.6) 
The H-reflex data also showed this tilt-specific effect of dorsal neck muscle conditioning. The 
difference in size of the H-reflex after dorsal neck hold-short and hold-long muscle 
conditioning was found only when the body was tilted (F(1, 9) = 19.41, p = 0.002) (Figure 
8.7). 
These effects were not observed when the body was in the horizontal position. 
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Figure 8.5. Changes in the amplitude of the tendon jerk (hold-short) with and 
without whole body tilt and dorsal neck muscle conditioning 
Mean normalised reflex value and standard deviation of hold-short tendon jerk after hold-long 
and hold-short dorsal neck muscle conditioning with no tilt (gray) and 30 degrees tilt (blue). 
When the right triceps surae was conditioned as hold-short, tendon jerk amplitude did not 
change after either form of dorsal neck muscle conditioning with no tilt. However, dorsal neck 
muscle conditioning dependent changes were observed when the body was tilted to 30 degrees. 
The larger tendon jerk amplitude was observed with hold-long dorsal neck muscle conditioning. 
On the other hand, hold-short dorsal neck muscle conditioning had little effect on the amplitude 
even when the body was tilted.   
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Figure 8.6. Changes in the amplitude of the tendon jerk (hold-long) with and 
without whole body tilt and dorsal neck muscle conditioning 
Mean normalised reflex value and standard deviation of hold-long tendon jerk after hold-long 
and hold-short dorsal neck muscle conditioning with no tilt (gray) and 30 degrees tilt (blue). 
When the right triceps surae muscle was conditioned as hold-long, whole body tilt caused an 
increase in the amplitude of the tendon jerk regardless of the form of dorsal neck muscle 
conditioning.  
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Figure 8.7. Changes in the amplitude of the H-reflex amplitude with and 
without whole body tilt and dorsal neck muscle conditioning 
Mean normalised reflex value and standard deviation of hold-long H-reflex after hold-long 
and hold-short dorsal neck muscle conditioning with no tilt (gray) and 30 degrees tilt (blue). 
Changes in H-reflex amplitude recorded after hold-short conditioning of the triceps surae 
muscles showed a similar tendency to the tendon jerk experiment. The amplitude of the 
reflex increased with tilt only when the dorsal neck muscles were conditioned as hold-long. 
In the horizontal position, there were no significant differences in reflex size after either form 
of dorsal neck muscle conditioning. 
 
 
8.4 Discussion  
The hypothesis of this study was that if the rate of resting discharge of dorsal neck muscle 
proprioceptors is modulated by application of the muscle conditioning procedure, and if 
vestibulospinal descending output is regulated by neck afferent inputs, then the level of spinal 
reflex excitability in response to face-up static whole body tilt should be dependent on the 
muscle conditioning forms applied to the dorsal neck muscles in a predictable way. 
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The amplitude of the tendon jerk and H-reflex recorded after hold-short conditioning of the 
triceps surae muscles was modulated depending on the vestibular input only when the dorsal 
neck muscles were conditioned as hold-long that was assumed to decrease the level of resting 
discharge of neck muscle proprioceptive inputs. A larger reflex amplitude was observed with 
the body tilted when the dorsal neck muscles were conditioned as hold-long. 
From this result, it is suggested that neck afferents counteract vestibular afferents in regard to 
the spinal reflex excitability of the lower limb. 
In other words, without the effect of inhibition that is provided by neck afferents, the 
amplitude of the Achilles tendon jerk and H-reflex recorded from the soleus muscle is 
increased by vestibular inputs but not when neck afferent inputs are increased. 
 
However, without whole body tilt, the amplitude of the tendon jerk and H-reflex recorded 
from the hold-short conditioned triceps surae muscles was not influenced by dorsal neck 
muscle conditioning. If it is assumed that neck and vestibular afferents simply counteract each 
other in regard to the reflex excitability of the lower limb, it would be expected that the results 
would be more symmetrical. For instance, if the effect of vestibular inputs is simply positive 
and the effect of neck afferents is negative for reflex amplitude, the result for zero degree tilt 
with the neck muscles conditioned as hold-short would be expected to fall below their control 
value. However such results were not observed in the experiment. When the body was 
horizontal, the amplitude of tendon jerk and H-reflex were not modulated by changes in the 
amount of neck proprioceptive afferent input. 
 
Considering these two facts, it is suggested that dorsal neck muscle afferents modulate the 
outputs of the vestibular nuclei only in the presence of vestibular inputs. In fact, neck muscle 
conditioning that did not show any effect on reflex amplitude when the body was horizontal 
showed significant changes in the amplitude of the reflex during tilt. In other words, the effect 
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of dorsal neck muscle conditioning on lower limb reflex excitability was only observed with 
increased vestibular inputs.  
 
When the triceps surae muscles were conditioned as hold-long, the amplitude of tendon jerk 
was increased with static whole body tilt regardless of which form of dorsal neck muscle 
conditioning was used.  One conclusion for this observation is that there was difficulty to 
maintain the effect of hold-long muscle conditioning of the right triceps surae muscles while 
the body was tilted to 30 degrees. It is possible that because subjects were required to support 
their body weight during tilt using their left leg, this may have caused subliminal excitation of 
the motoneurons of the right triceps surae muscles, producing a Jendrassik-like effect. Even 
though the mechanism of the Jendrassik manoeuvre is yet unclear, there are some studies 
arguing that the facilitatory effect of the Jendrassik manoeuvre occurs as a result of an 
increase of fusimotor drive (Jean-Marc Aimonetti, 2005, Ribot-Ciscar et al., 2000, Burg et al., 
1974, Niechwiej-Szwedo et al., 2006)(cf. (Gregory et al., 2001b)). As the Jendrassik 
manoeuvre is characterized as a reflex reinforcement induced by a remote active muscle 
contraction (Delwaide and Toulouse, 1983), there is a possibility that the Jendrassik-like 
effect was acting on the right triceps surae muscles in the current experiment from activation 
of the left triceps surae muscles. As was discussed in Chapter 2 (2.5.3), the different size of 
the tendon jerk between hold-long and hold-short is attributed to the amount of slack created 
in the muscle spindle intrafusal fibres. Wood et al. (1994) have shown that ongoing fusimotor 
activity after conditioning the triceps surae muscles as hold-long increases tendon jerk 
amplitude. On the other hand, fusimotor drive had little influence on the amplitude of the 
tendon jerk when the triceps surae muscle was conditioned as hold-intermediate (in the 
absence of slack intrafusal fibres). They concluded that the effect of fusimotor activity is 
larger in hold-long conditioned muscles because the fusimotor drive removes slack of the 
intrafusal fibres, which results in an increase in the amplitude of the tendon jerk (Wood et al., 
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1994). Further, even though the right soleus muscle was monitored to ensure it remained 
relaxed, it is not possible to know whether the deep fibres of the muscles were relaxed since 
the SEMG can only pick up the activity from the superficial fibres. Therefore, if the remote 
muscle contraction of the left leg caused an increase in fusimotor activation, it may be 
difficult to maintain the effect of hold-long triceps surae muscle conditioning during whole 
body tilt. An important point here too is that the effect of hold-short triceps surae muscle 
conditioning is not susceptible to changes in fusimotor activity. Therefore, hold-long triceps 
surae muscle conditioning was considered not to be appropriate to test the hypothesis of this 
study. Since the tendon jerk data with hold-long triceps surae muscles were obtained first, 
hold-long triceps surae muscle conditioning was not used in the H-reflex study. 
In this study, change in amplitude of tendon jerk and H-reflex after hold-short triceps surae 
muscle conditioning behaved in similar way, unlikely previous studies in this thesis (Chapter 
5 to 7). The detail of this difference will be discussed in the general discussion (See section 
9.2) 
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8.5 Introduction - Follow up study 
A question arose whether the conditioning dependent changes in the amplitude of the tendon 
jerk and H-reflex with tilt that were observed in this experiment were due to changes in the 
resting discharge of neck muscle proprioceptors or due to different head movements 
(vestibular after-effect) involved in the two different types of dorsal neck muscle conditioning 
procedure. The traditional muscle conditioning protocol (Figure 8.8) manipulate both the 
length and contraction history of the muscles. However, in order to achieve hold-long and 
hold-short conditioning, length changes in the opposite direction are required.  
If muscle history of the dorsal neck muscles could be standardised by using a muscle 
contraction history without a length change, and then induce different head-neck movement in 
isolation to reproduce length change associated with the traditional muscle conditioning 
procedure, does this head-neck movement modulate spinal reflex excitability in the presence 
of 30 degrees whole body tilt? 
 
Since the dorsal neck muscle conditioning procedure in this study was conducted using head-
to-body flexion and extension, the assumed changes in proprioceptive sensory inputs may 
have been introduced not only in the dorsal neck muscles but also as an after-effect from 
vestibular, neck joint or cutaneous receptors as well.  
This might have occurred too because the reflex stimulus was delivered immediately after 
returning the head back to the test position, and the after-effect of such sensory inputs might 
have lingered. To complete the two different types of dorsal neck muscle conditioning, the 
two different head movements were thought essential, either flexion or extension.  
Even though the final test position after these conditioning procedures was the same in both 
trials using these different form of muscle conditioning, the aftermath of the sensory inputs 
may have been different since the head movement from the hold-short position returns back to 
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the test position from head extension, while the head movement from the hold-long position 
returns back to the test position from head flexion (Figure 8.8). 
 
 
Figure 8.8 Symmetrical dorsal neck muscle conditioning procedure 
Dorsal neck muscle conditioning procedure (hold-long and hold-short) consists of different 
head movements as the head is returned back to the intermediate position. Opposite head 
motion may cause different vestibular after-effects. 
 
8.6 Development of modified protocol 
 
    8.6.1 Initial modified protocol 
To clarify the issue of whether head motion or muscle conditioning were responsible for the 
observed changes in motoneuron excitability with tilt, a follow up study was conducted. To 
test this, different muscle conditioning protocols were considered.  
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Figure 8.9 Initial modified protocol 
This diagram shows the initial modified protocol that was contrived to alter the vestibular 
after-effect without changing the sensitivity of the dorsal neck muscle spindles. If the dorsal 
neck muscle history was unified by an initial muscle contraction (hold-intermediate), it was 
assumed that muscle spindles would have the same mechanical sensitivity. Head movement 
was then induced immediately before evoking the spinal reflex from soleus muscle.  
However it was suggested that even passive movement of the conditioned muscle can cause 
destruction and reformation of stable cross bridges. Therefore it was concluded that it is 
impossible to standardize the dorsal neck muscle conditioning state using this protocol. 
 
The first protocol that was considered involved an isometric contraction without a 
concomitant length change of the muscle (See figure 8.9). This was done to refresh and 
standardise muscle history. In order to investigate the effect of different head-neck movement 
on the size of the reflex, the head was to be moved either into flexion or extension. 
Immediately, the head was returned back to the intermediate position to avoid reformation of 
any stable cross bridges that might occur by holding the muscles at a given length.  
If these different head movement, flexion-extension and extension-flexion, in this protocol do 
not change the standardised muscle history that was created by the isometric contraction 
without a concomitant length change of the muscle, it would be possible to test whether the 
vestibular after-effect that was induced by different head movement affected changes in 
amplitude of tendon jerk and H-reflex in presence of whole body tilt.  
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    8.6.2 Validation of initial modified protocol - Method 
To validate this initial modified protocol, a pilot study was conducted in five subjects using 
the right triceps surae muscles. Triangular stretch movements in opposite directions were 
applied to the right triceps surae muscles five seconds after an isometric contraction of the 
muscles at an intermediate length. One second after the completion of this modified protocol, 
the tendon jerk was evoked from the right soleus muscle. Five trials were repeated for each 
subject. The mean of the amplitude of five reflexes after both the shortening-stretch 
movement and the stretch-shortening movement were divided by the mean value of the 
shortening-stretch tendon jerk amplitude for normalisation. The normalised reflex ratio was 
analysed using a one sample t-test. Significance level was set at p<0.05. 
 
    8.6.3 Validation of initial modified protocol - Results 
 The results of this pilot study are shown in Figure 8.10. The amplitude of the tendon jerk was 
significantly different after a triangular stretch-shortening movement and triangular 
shortening-stretch movement (t(4) = 2.871, p = .045). The difference in amplitude after the 
two kinds of movement was almost equivalent to the effect of traditional muscle conditioning 
(Figure 8.8). 
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Figure 8.10. Effect of passive muscle movement after hold-intermediate 
muscle conditioning (Initial modified protocol) 
The tendon jerk was evoked after different passive movements of the right ankle joint.  Even 
though the triceps surae was previously conditioned as hold-intermediate, the different 
muscle movements, either shortening followed by stretch or stretch followed by shortening 
had a different effect on the amplitude of the tendon jerk.  
 
    8.6.4 Validation of initial modified protocol - Discussion 
The initial modified protocol produced similar effects as the traditional muscle conditioning 
procedure. Therefore, it was concluded that this modified protocol was inappropriate to 
induce different vestibular after-effects while standardising muscle history. The problem with 
this procedure was that, even if the muscle contraction successfully eliminated previous 
history, the length change of the muscle in opposite directions itself induced changes in 
muscle history. This is because stable cross bridges formation can be established even by 
passive stretch (Proske et al., 1993). It is suggested that stable cross bridges are formed 
between actin and myosin filaments in intrafusal fibres. They can be detached by contraction 
or stretch, and new cross bridges reform within a few seconds when the muscle is held 
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undisturbed (Morgan et al., 1984a). It has also been shown that detachment and reformation 
of stable cross bridges can continuously occur even during a slow and passive stretch (Proske 
et al., 1993). Therefore, whenever the muscle is passively stretched, stable cross bridges are 
reformed at the length of the terminal point of the stretch or thereabouts. Since a subsequent 
passive muscle shortening does not affect the detachment or formation of the stable cross 
bridges, the passive triangular stretch-shortening movement suggested above can result in 
slacker intrafusal fibres than before the movement or shortening-stretch movement. 
This suggests that even different passive movement can create a different muscle history and 
muscle spindles sensitivity, and this has a similar effect to that of the normal muscle 
conditioning procedure. Therefore, it was concluded that it is not possible to change vestibular 
inputs only without changing muscle history. In other words, passive head movement has an 
effect on both potential vestibular after-effects and muscle history of the neck muscles. 
 
8.7 Development of an asymmetric modified muscle conditioning 
protocol 
 
    8.7.1 Asymmetric modified protocol 
The above pilot study clarified that it is difficult to keep muscle history constant after 
different passive head movements. Therefore another procedure was considered. The object of 
this follow up study was to confirm that changes in reflex amplitude were due to conditioning 
dependent changes of the dorsal neck muscles and not a vestibular after-effect. So it was 
reasoned that if the final head movement before eliciting the tendon jerk is the same for both 
hold-long and hold-short muscle conditioning procedures, it is possible to exclude the 
possibility that a different vestibular after-effect affected the observed results in the previous 
study. 
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Figure 8.11. Final modified protocol (Asymmetric muscle conditioning)  
This figure shows the final modified protocol (asymmetric muscle conditioning) that unified 
the head movement immediately before the completion of the manoeuvre. This allows the 
dorsal neck muscles to be conditioned in different ways (hold-long or hold-short) having 
same after-effect of the head movement.  
 
The procedure of the new follow up study is shown in Figure 8.11. To create slack muscle 
spindles, the dorsal neck muscles are first stretched and then isometrically contracted for three 
seconds. After five seconds relaxation at this stretched or long length, the muscles are 
shortened to the hold-short length beyond the intermediate length. To move the head to this 
position took 10 seconds. Immediately after this, the muscles are brought back to the 
intermediate length, this motion taking five seconds. To create tight muscle spindles, the 
muscle is shortened then an isometric contraction is performed for three seconds. Fifteen 
seconds after, the muscle is brought back to the intermediate length over a five second period. 
Immediately after completion of the dorsal neck muscle conditioning procedure, the tendon 
jerk is elicited in the right triceps surae muscles. It was proposed that modified protocol could 
unify passive head movement immediately before the measurement of the reflex. 
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    8.7.2 Asymmetric modified protocol - Methods 
This modified muscle conditioning procedure was tested on the triceps surae muscles to test 
whether the protocol produces similar changes to tendon jerk amplitude as the traditional 
muscle conditioning protocol. (n = 9). The asymmetric modified muscle conditioning protocol 
was applied to the triceps surae muscles, and then the tendon jerk was elicited. Five trials 
were repeated for each subject. The mean amplitude of five tendon jerks after both modified 
hold-long and modified hold-short muscle conditioning were divided by the mean value of the 
modified hold-short tendon jerk amplitude for normalisation. The obtained normalised reflex 
ratios were analysed using a one sample t-test. Significance level was set at p < 0.05. 
 
    8.7.3 Asymmetric modified protocol – Results 
 
Figure 8.12. Effect of asymmetric muscle conditioning on the amplitude of the 
Achilles tendon jerk 
This graph shows the effect of asymmetric muscle conditioning on tendon jerk amplitude 
recorded from the right soleus muscle. The effect of the asymmetric muscle conditioning 
protocol on the amplitude of the tendon jerk was similar to the traditional muscle 
conditioning protocol. Blue bars indicate the mean value of the normalised reflex. Error bars 
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indicate standard deviation. HS modified: Normalised tendon jerk amplitude that was 
evoked after application of asymmetric hold-short muscle conditioning. HL modified: 
Normalised tendon jerk amplitude that was evoked after application of asymmetric hold-long 
muscle conditioning.  
 
The tendon jerk amplitude after the two different forms of the asymmetric muscle 
conditioning protocol showed a significant difference (t(8) = 13.012, p < .001) (See Figure 
8.12). Even though its effect seemed to be milder than the traditional muscle conditioning 
(See Figure 8.4), it was confirmed that this asymmetric conditioning has a similar effect to the 
traditional (symmetric) muscle conditioning procedure. 
 
    8.7.4 Asymmetric modified protocol - Discussion 
Therefore, it was considered that this modified muscle conditioning procedure could 
successfully create differences in the mechanical state of the triceps surae muscle spindles. 
Therefore, it was assumed that this modified muscle conditioning procedure could also be 
used to modify dorsal neck muscle spindle sensitivity and extrafusal muscle fibre state while 
keeping any vestibular after-effect constant. 
Using this modified muscle conditioning procedure, the first study of this chapter (See 8.2 for 
method) was repeated using the tendon jerk only. 
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8.8 Method - Follow up study 
 
 
Figure 8.13. Experimental procedure 
First, subject lay supine and the table was tilted to 30 degrees or left horizontal. After 
completion of whole body tilt, two minutes rest time elapsed to minimize any effects from fast 
adapting cutaneous receptors. After this period, dorsal neck muscle conditioning in the sagittal 
plane was performed - either hold-long or hold-short. At the same time, the tight triceps surae 
was conditioned as hold-short so that muscle spindles of the triceps surae muscles had a 
defined history. The spinal reflex either tendon jerk or H-reflex was evoked immediately after 
the completion of the muscle conditioning procedure. All combinations of tilt degree, dorsal 
neck muscle conditioning, spinal reflexes were separately tested. 
 
Using the asymmetric modified muscle conditioning protocol, the same experiment was 
repeated. In this follow up study, only hold-short tendon jerk was employed because the H-
reflex behaved in a similar way as the tendon jerk in the previous study (See section 8.3). 
Figure 8.13 shows experimental procedure of the follow up study. Each subject was asked to 
lay supine on the tilt table and the table was then tilted to 30 degrees or left in a horizontal 
position. Two minutes elapsed for adaptation of fast adapting cutaneous receptors. The 
motorised head piece was rotated to either in the flexion or extension position. At the same 
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time, the foot plate was rotated by 20 degrees in the direction of plantarflexion (hold-short). 
Subjects were asked to isometrically contract their right triceps surae muscles at an intensity 
of approximately 10-20 % of MVC for three seconds, then relax for five seconds. For hold-
long muscle conditioning of the dorsal neck muscles, the motorised head piece was rotated 
into flexion in order to stretch the dorsal neck muscles. Subjects were asked to perform an 
isometric contraction of their dorsal neck muscles. Five seconds after the cessation of the 
muscle contraction, the head piece was then rotated to the hold-short degrees beyond the 
intermediate position first, and then returned back to the intermediate position. These passive 
movements took 15 seconds in total. To create hold-short dorsal neck muscles, the head piece 
was rotated to the extended position, then an isometric contraction was performed. Fifteen 
seconds after, the head piece was brought back to the intermediate position over a five second 
period. In concert with the last head movement that brings the head to the intermediate 
position, the foot plate was also brought back to its original position. One second after the 
completion of asymmetric muscle conditioning, the tendon jerk was evoked from the right 
soleus muscle. 
The peak-to-peak amplitude of the tendon jerk was measured. The mean values of each 
combination of dorsal neck and tilt degree were normalized. For normalisation, the mean 
value of the reflex amplitude in each test condition was divided by the mean value of the 
control hold-short amplitude of each subject so that individual data could be pooled. 
To investigate the relationship between tilt degree and dorsal neck muscle conditioning, a 
repeated measures 2x2 ANOVA with factors of dorsal neck muscle conditioning (neck), and 
degree of body tilt (tilt) was used. Post-hoc pairwise comparisons identified individual 
differences. The significance level was set at 0.05 with a Bonferroni correction. 
Also, the results of the tendon jerk data after hold-short conditioning of the triceps surae 
muscles that were obtained using the traditional neck conditioning protocol were pooled with 
the tendon jerk data using the asymmetric modified neck conditioning protocol. This mixed 
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data were analysed using a 2x2x2 (Degree, Neck Conditioning, and Protocol) mixed-model 
ANOVA. The significance level was set at 0.05 with a Bonferroni correction. 
 
8.9 Results - Follow up study 
There was a significant main effect of neck muscle conditioning (F (1, 8) = 6.103, p = .039). 
There was no main effect of tilt, although there was a trend towards significance (F (1, 8) = 
3.908, p = .083). A significant interaction between neck muscle conditioning and tilt degree 
was observed (F (1, 8) = 7.125, p = .028). 
The multivariate test for the effect of tilt degree within hold-long neck muscle conditioning 
did not show any significant difference, but once again, a trend towards significance was 
observed (F (1, 8) = 5.283, p = .051). The effect of tilt degree after hold-short muscle 
conditioning of dorsal neck muscles was not significant (F (1, 8) = 1.858, p = .210). 
The multivariate test for the effect of neck muscle conditioning with no tilt did not show 
significant difference (F(1, 8) = .050, p = .829). However, the effect of neck muscle 
conditioning at 30 degrees tilt showed a significant effect (F(1, 8) = 14.520, p = .005) (See 
Figure 8.14). 
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Figure 8.14. Mean normalized reflex (Asymmetrical modified muscle 
conditioning protocol) 
Mean normalised value and standard deviation of tendon jerk after hold-long and hold-short 
dorsal neck muscle conditioning with no tilt (gray) and 30 degrees tilt (blue). The result of 
the follow up study that used an asymmetrical muscle conditioning procedure produced 
similar results to the previous study. Muscle conditioning dependent changes in tendon jerk 
amplitude were observed only when the body was tilted. 
 
Since the obtained result of this follow up study showed a quite similar tendency as the 
previous study, the results of the tendon jerk data after hold-short conditioning of the triceps 
surae muscles that were obtained using the traditional neck conditioning protocol were pooled 
with the tendon jerk data using the modified neck conditioning protocol  
A 2x2x2 mixed-model ANOVA revealed that the main effect of Protocol was not significant 
(F (1, 17) = 1.010, p = 0.329). Therefore, there was no difference between the effects of the 
two neck muscle conditioning protocols used in the two studies. This allowed combining and 
analysing these two sets of data together. The results of the 2x2 (tilt degree and neck 
conditioning) ANOVA are shown in Figure 8.15. 
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Figure 8.15. Result of combined data (19 subjects: 2x2 Mixed ANOVA) 
This graph shows the result of the combined data. From the initial and follow up experiments, 
the mean normalised value and standard deviation of the tendon jerk after hold-long and 
hold-short dorsal neck muscle conditioning with no tilt (gray) and 30 degrees tilt (blue). The 
results from tendon jerk amplitude elicited using the traditional muscle conditioning and the 
results of the follow up study using the modified muscle conditioning procedure were 
combined and analysed using a Mixed ANOVA. 
 
 
There was a significant main effect of tilt degree (F (1, 17) = 8.498, p = 0.010) and neck 
conditioning (F (1, 17) = 11.626, p = 0.003). Also, there was a significant tilt degree - neck 
conditioning interaction (F (1, 17) = 12.528, p = 0.003).  
The interaction effects of these factors (tilt degree, neck condition, and tilt degree x neck 
conditioning) with Protocol did not show any significant effect (F (1, 17) = 0.505, p = 0.487), 
(F(1, 17) = 0.13, p = 0.910), (F(1, 17) = 0.037, p = 0.849) respectively. 
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Multivariate tests for the effect of tilt degree within each form of muscle conditioning (hold-
long and hold-short) showed that whole body tilt to 30 degrees has a significant effect on the 
amplitude of the tendon jerk only when hold-long muscle conditioning was applied to the 
dorsal neck muscles (F =(1, 17) 12.985, p = 0.002). The mean value of the normalised tendon 
jerk reflex after hold-long conditioning at 30 degrees (M = 1.434) was significantly higher 
than at 0 degrees (M = 1.060). 
Also, the difference in tendon jerk amplitude between hold-long and hold-short neck muscle 
conditioning revealed a significant effect only when the body was tilted to 30 degrees ( F(1, 
17) = 19.137, p < 0.001). At 30 degrees tilt, the mean value of the mean normalised reflex 
after hold-long neck muscle conditioning (M = 1.434) was significantly higher than the mean 
value of the mean normalized reflex after hold-short neck muscle conditioning (M = 1.164). 
 
8.10 Discussion - Follow up study 
This follow up study was necessary to investigate whether the muscle conditioning dependent 
change in amplitude of reflexes observed in the previous study (See 8.3) was due to different 
head-neck movements that were involved in the traditional muscle conditioning protocol, or 
due to change in muscle history and subsequently the resting discharge of dorsal neck muscle 
proprioceptors. 
The non-significant main effect of “protocol” suggested that there was no difference between 
the effects of the traditional neck muscle conditioning procedure and the modified neck 
muscle conditioning procedure. Namely, the tendon jerk reflex of both experiments behaved 
in the same way regardless of the muscle conditioning procedures that were applied to the 
neck muscles.  
This interpretation is also supported by the result of the control study that showed a 
significant difference of tendon jerk amplitude between hold-long and hold-short conditioning 
of the triceps surae muscles using the modified muscle conditioning protocol (t = 6.728, p < 
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0.001). In other words, these different muscle conditioning protocols have the same effect for 
altering the muscle spindles’ sensitivity.  
 
In the modified muscle conditioning protocol, the same head movement was embedded in 
both forms of muscle conditioning to eliminate a different direction of head movement 
(vestibular inputs) that occurred immediately before eliciting the tendon jerk.  
Because the results showed a non-significant difference between these two protocols, it is also 
reasonable to argue that the effect of neck muscle conditioning seen in the previous study is 
not due to the different movement of the head that was required when using the symmetric 
muscle conditioning procedure (a possible vestibular after-effect). The explanation is that 
there were muscle conditioning dependent changes in amplitude of the tendon jerk and it is 
argued that these conditioning dependent changes are the result of changes in the sensitivity 
of the neck muscle spindles and possibly other neck muscle receptors. This allows an analysis 
of these data from the two experiments together. 
 
Neck muscle conditioning dependent changes in the amplitude of the tendon jerk were found 
only when the body was tilted to 30 degrees, but not when the body was in a horizontal 
position. When the body was tilted to 30 degrees, the amplitude of the tendon jerk 
significantly increased with the neck muscle spindles (and possibly other proprioceptors) 
presumably in a slack state. This results in a decreased resting discharge of the neck muscle 
proprioceptors. However, the reflex did not significantly increase when the neck muscles 
were conditioned to leave dorsal neck muscle spindles (and other proprioceptors) presumably 
in a sensitive state.  
These results are the same as the previous study which used the symmetric muscle 
conditioning protocol that suggested that the changes in the level of resting discharge of the 
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dorsal neck muscle proprioceptors can alter the reflex responses of the lower limb muscles by 
interacting with increased vestibular inputs.  
The results of the study suggest an interaction between dorsal neck muscle inputs and 
vestibular inputs. This interaction is summarised in the following paragraph as well as in 
Figure 8.16. 
 
 
Figure 8.16. Neck and vestibular inputs interaction model 
This figure shows a model of interaction between neck and vestibular inputs. Upper row (A 
and B) shows 30 degrees whole body tilt. Lower row (C and D) shows when the subject is in 
a horizontal position. Right column (B and D) shows when the dorsal neck muscles are 
conditioned as hold-short. Left column (A and C) shows when the dorsal neck muscles are 
conditioned as hold-long. The gray table at the bottom shows change in relative contribution 
of sensory inputs to size of reflex amplitude depending on the other afferent inputs. See main 
text for details. 
 
First, when vestibular inputs are high with 30 degrees tilt, the weight or importance of 
information from the neck muscles becomes high. In other words, the reflex amplitude is 
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more dependent on the neck muscle inputs (A and B in Figure 8.16). Second, when vestibular 
inputs are low when the body is horizontal, the excitability of lower limb motoneurons is less 
dependent on neck muscle afferents. In other words, regardless of a high or low neck muscle 
afferent discharge, reflex amplitude didn’t show any significant changes (C and D in Figure 
8.16). Third, when the neck muscle proprioceptive inputs are high, the weight of information 
from vestibular inputs becomes low. This means, changes in vestibular inputs have less effect 
with a higher neck muscle afferent discharge (B and D in Figure 8.16). Finally, when the 
inputs from neck muscles are low, the importance of vestibular inputs for the excitation of the 
reflex becomes high. The changes in vestibular inputs are more reflected in the amplitude of 
the reflex with low neck muscle afferent discharge (A and C in Figure 8.16). 
 
It is suggested that postural regulation is accomplished by a “sensory reweighting 
mechanism” that is the changes in relative contribution of a sensory input results from 
changes in the amount of another sensory input (Oie et al., 2002, Peterka, 2002, Cenciarini 
and Peterka, 2006).  
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Figure 8.17 Sensory re-weighting mechanism 
This figure is a schematic of sensory re-weighting between neck proprioceptive inputs and vestibular inputs. 
The relative contribution of each of them to postural control depends on the change in amount from the 
other sensory input.  
 
The results of the current studies in this thesis also showed changes in the relative 
contribution of vestibular inputs to lower motoneuron excitability depending on the level of 
resting discharge of proprioceptive afferents from the dorsal neck muscles, thus, sensory 
reweighting between vestibular inputs and afferent signals from the neck muscle 
proprioceptors occurred (Figure 8.17).  
Horack et al. (1994) compared automatic postural sway responses to displacements of the 
head and whole body on the sway-referenced surface to investigate the relative roles of 
vestibular and somatosensory inputs in automatic postural control in Human (Horak et al., 
1994). They showed that a 20 % increase in vestibulospinal responses and a 20 % decrease in 
somatosensory postural responses when subjects stood on a sway-referenced surface that 
provided unstable somatosensory cues. This conclusion was suggested because when the 
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subject stood on the unstable surface, the amplitude of the ankle muscle response increased 
during head displacement and decreased during body displacement in comparison to the 
muscle response when the subject stood on a stable surface. Therefore, they suggested that the 
importance of the vestibular inputs plays a larger role for postural control when subjects lack 
good somatosensory cues (Horak et al., 1994). Even though the somatosensory inputs that are 
described in their arguments are not neck specific, this proposal is supportive of the 
interpretation of the current study that there is a context (tilt) specific interaction between 
neck and vestibular inputs.  
Moreover, Manzoni et al. (1998) investigated the EMG response vector of the triceps brachii 
to whole body wobble with and without body-to-head rotation in decerebrate cats. They found 
that the muscle response vector shifted corresponding to the neck rotation. They argued that 
neck proprioceptive inputs are able to modify the pattern of vestibulospinal reflexes (Manzoni 
et al., 1998). In the results of current study, the dorsal neck muscle conditioning dependent 
changes were reflected in the amplitude of the tendon jerk only when the vestibulospinal 
pathways were activated. The results from the current study also suggest that neck 
proprioceptive inputs may modulate the behaviour of the vestibulospinal reflex, instead of 
directly influencing the motoneurons in Humans. 
  
To sum up, in the condition where neck muscle sensory afferents are unavailable or unstable 
(compromised), regulation of the excitability of the lower limb extensor motoneurons re-
weights and there is an increased reliance on vestibular information.  
Moreover, when tendon jerk amplitude is amplified by whole body tilt – that is, when the 
background vestibulospinal loading is high, changes in the inputs from dorsal neck muscle 
spindles induced by neck muscle conditioning upweight and have an impact on spinal reflex 
excitability of the lower limb muscles. 
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The conclusion of the current study is that the importance of neck muscle afferents for the 
regulation of spinal reflex excitability is dependent on vestibular background inputs and 
postural context. As observed when the body was horizontal, it is unlikely for the afferent 
inputs from the neck muscle proprioceptive inputs that were modulated by muscle 
conditioning to directly influence lower motoneuron excitability, but they may be able to 
influence vestibular-originated descending pathways. Thus, cervicospinal pathways do not 
proactively function in isolation and independently activate motoneurons of the lower limb 
muscles, at least with a natural neck muscle intervention such as muscle conditioning. 
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9.1 Introduction 
The aim of studies reported in this thesis was to investigate the influence of neck muscle 
spindles on motoneuron excitability of the lower limb muscles. In this chapter, the summary 
of this thesis including interpretations across several experiments and their clinical 
implications will first be described.  
Study limitations that the investigator experienced during the experiments and 
recommendations for further experiments to develop the knowledge of this area will then be 
reported. 
 
9.2 A summary of this thesis  
Clinical observations sometimes report that patients who have neck pain or injury also suffer 
from balance difficulty. For instance, it is suggested that some whiplash injury patients 
experience balance defects or disturbances (Rubin et al., 1995, Mallinson et al., 1996, 
Branstrom et al., 2001, Treleaven et al., 2005, Field et al., 2008, Treleaven, 2008). 
A number of studies have suggested that such postural instability is caused by abnormal neck 
somatosensory inputs (DeJong et al., 1977, Pyykko et al., 1989, Karlberg et al., 1996, 
Treleaven et al., 2003, Treleaven et al., 2005, Field et al., 2008, Poole et al., 2008, Treleaven, 
2008). 
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Among the somatosensory receptors in the neck, it is suggested that muscle spindles that have 
a very high density especially in the deep neck muscles are garnering attention as the 
receptors that primarily influence postural stability. 
 
For instance, stimulation of neck muscle spindles by means of a vibratory stimulus that 
selectively activates muscle spindles induces postural sway in standing healty subjects 
(Kavounoudias et al., 1999). It has also been shown that the direction of locomotion such as 
walking or stepping in place is altered by a unilateral dorsal neck vibratory stimulus (Bove et 
al., 2001, Bove et al., 2002). 
However, it is also known that a vibratory stimulus applied to muscle induces a kineathetic 
illusion (Taylor and Mccloskey, 1991, Karnath et al., 1994a, Wierzbicka et al., 1998, Ochi et 
al., 2006). Therefore, the conclusion is that a neck vibratory stimulus alters the execution of a 
task by changing the egocentric reference frame of the body (Bove et al., 2001, Bove et al., 
2002). It is suggested that the egocentric reference frame is a representation of “straight-
ahead” body orientation (Karnath et al., 1994a). It is also referred to as a trunk vertical 
midline (Karnath et al., 1991). Its transformation is caused by disturbed sensory input 
(Bartolomeo and Chokron, 1999). Therefore, in the studies cited above, neck vibration that 
induces changes in sensory inputs that are responsible for the representation of the body in 
space creates a “new” straight-ahead (Bove et al., 2002). Therefore, it is reasonable to 
consider that the alteration in execution of a postural task was based on an alteration in the 
perceptual experience of the internal straight ahead, rather than based on a change in motor 
command.  
If a change in motor command is induced by a change in somatosensory inputs from the neck, 
this may be examined by observing changes in the amplitude of spinal reflexes that are the 
foundation of the motor control of posture. 
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It is known that changes in neck somatosensory inputs induce a tonic neck reflex that causes 
changes in the position of limbs. Early studies suggested that this reflex can be observed only 
in infants and brain injured patients (Magnus, 1924, Capute et al., 1982), however, it has also 
been shown that the reflex remains subliminally functional in the healthy adult Human (Ikai, 
1950, Ikai, 1951, Tokizane et al., 1951, Fukuda, 1961, Traccis et al., 1987, Aiello et al., 1992). 
Even though postural control is not organized by a simple combination of reflexes, the spinal 
reflex is considered a fundamental unit of postural control. The standing posture of the human 
has been likened to an inverted pendulum,where any deviation of the centre of mass that is 
located above the supporting base is adjusted by feed back from postural reflexes that operate 
through the spinal cord and brain stem (Shadmehr and Arbib, 1992, Fitzpatrick et al., 1992, 
Binder, 1999, Mussa-Ivaldi and Bizzi, 2000, Loram et al., 2001, Massion et al., 2004, Loram 
et al., 2005). These reflexes are integrated within the basal ganglia and cerebellum (Mink and 
Thach, 1991). If the tonic neck reflex remains functional in the adult Human, and if changes 
in neck muscle spindle afferents are the afferents responsible for this reflex, then postural 
control must be influenced by modulation of the neck muscle spindles. 
Therefore, the first research question of this thesis was whether changes in the rate of 
discharge from neck muscle spindles have an effect on spinal reflex excitability of the lower 
limb muscles. 
 
In this regard, Traccis et al. (1987) demonstrated that changes in neck sensory inputs induced 
by tonic body-to-head rotation have an impact on the amplitude of the H-reflex recorded from 
lower limb extensor muscles. The conclusion of their study is that tonic changes in neck 
somatosensory inputs modifies motoneuron excitability of the lower limb muscles when 
subjects were not posturally engaged (Traccis et al., 1987). 
However, this study did not identify what receptor is responsible for the observed changes in 
amplitude of the H-reflex of the lower limb muscle. 
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Therefore, their study was the starting point of the studies of this thesis. It was argued that if 
the tonic neck reflex is still functional in the adult Human, and if muscle spindles are 
responsible for this phenomenon, then a change in the rate of discharge of muscle spindle 
afferents from the neck must result in an expression of the reflex.  
Therefore, it was proposed that a change in the quantity of neck muscle spindle afferents 
results in alteration in a reflex response. 
To identify whether neck muscle spindle afferents caused the observed changes in H-reflex 
amplitude of the lower limb muscles in the study of Traccis et al. (1987), muscle conditioning 
that selectively activates muscle spindles was thought to be an appropriate tool. It was 
hypothesised that the muscle conditioning procedure can modify the sensitivity and resting 
discharge of neck muscle spindles without changes in other afferents such as cutaneous and 
joint afferents. 
 
Therefore, as the first step of this thesis, the study of Traccis et al. (1987) was reproduced by 
changing afferents from the neck muscle spindles only using muscle conditioning, instead of 
tonic body-to-head rotation. This study concluded that muscle conditioning that was applied 
in the left neck rotator muscles did not show any significant changes in amplitude of the H-
reflex, regardless of the degree of body rotation.  
It was considered that the muscle conditioning procedure applied to the neck muscles of 
seated subjects was problematic, because it was difficult for subjects to completely relax their 
neck muscles during the muscle conditioning procedure as long as the head was vertically 
aligned. The relaxation phase of the muscle conditioning procedure was necessary for forming 
stable cross bridges in intra- and extrafusal fibres, which in turn, created different sensitivities 
of the muscle spindles when the muscle was returned to its intermediate length. Also, it was 
difficult to specify which muscles were activated when an isometric contraction that was part 
of the muscle conditioning procedure in neck rotation was performed. 
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Therefore, it was concluded that muscle conditioning applied in the sitting posture was not an 
appropriate tool to modify the behaviour of neck muscle spindles. 
 
To modulate afferent inputs from muscle spindles, the subsequent studies employed a 
vibratory stimulus instead of muscle conditioning. To examine the effect of a tonic 
modulation of afferents from the dorsal neck muscle spindles, a prolonged vibratory stimulus 
was applied. Also, laterality of the dorsal neck muscle vibratory stimulus was tested by 
applying the vibratory stimulus unilaterally. 
The results of these studies showed that only the H-reflex recorded immediately after the 
onset of vibratory stimulus was increased for both the right and left dorsal neck vibratory 
stimuli. It was concluded that this increase probably involved a certain degree of startle. 
 
However, a prolonged vibratory stimulus did not modulate the amplitude of the H-reflex, in 
turn, alpha motoneuron excitability of the soleus muscle. So far, the results of Traccis et al. 
(1987) could not be reproduced by means of muscle conditioning or dorsal neck vibration. In 
other words, both studies failed to reproduce the results of Traccis et al. (1987). It was 
concluded that dorsal neck vibration does not directly increase alpha motoneuron excitability 
in the relaxed Human. 
 
Even though the possibility of a direct excitation of soleus alpha motoneurons after a tonic 
vibratory stimulus applied to the dorsal neck muscle was not supported, there was the 
possibility that dorsal neck vibration influenced fusimotor neuron excitability. 
There are reports that vestibulospinal pathways activate fusimotor neurons of the limbs 
(Pompeiano, 1972, Molina-Negro et al., 1980, Grillner, 1969, Pompeiano et al., 1967, Carli et 
al., 1966). Because of the anatomical connection between the neck muscle spindles and 
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vestibular nuclei, it is reasonable to consider that the vestibulospinal pathway is the candidate 
descending pathway that is responsible for excitatory changes in the H-reflex observed in 
previous studies. 
To test whether the dorsal neck vibratory stimulus activates fusimotor neurons innervating the 
soleus muscle, muscle conditioning was applied to the triceps surae muscles. 
 
The H-reflex amplitude after hold-long muscle conditioning of triceps surae muscles is large. 
Conversely, the H-reflex amplitude after hold-short muscle conditioning is small (Gregory et 
al., 1990, Wood et al., 1996).  
It was hypothesized that if the dorsal neck muscle vibratory stimulus activated fusimotor 
neurons of triceps surae muscles that were previously conditioned as hold-long, the H-reflex 
amplitude would become smaller after application of the vibratory stimulus to the neck 
because slack in the muscle spindles of the triceps surae muscles would be removed. This 
would be reflected in the amplitude of the H-reflex. However, the results of this study did not 
show any changes in H-reflex amplitude after application of the dorsal neck vibratory 
stimulus. According to the proposed hypothesis of this study, it must be concluded that the 
dorsal neck vibratory stimulus does not activate fusimotor neurons of the triceps surae muscle.  
 
However, this study had a theoretical issue. An assumption was made that the changes in H-
reflex amplitude after the two forms of muscle conditioning applied to the triceps surae 
muscles (hold-long or hold-short) resulted from the different sensitivities of the muscle 
spindles that were created by the muscle conditioning procedure. However, in fact, the H-
reflex amplitude after hold-short muscle conditioning becomes small because of post 
activation depression that is caused by a reduction of neurotransmitter release from the 
afferent fibres after muscle stretch.  
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Actually, Wood et al. (1996) suggested that an increased rate of resting discharge of muscle 
spindle afferents from triceps surae muscles associated with hold-short muscle conditioning 
results in a depletion of neurotransmitter (Wood et al., 1996). If this is the dominant reason 
for the reduction of H-reflex amplitude after hold-short conditioning, it may be interpreted 
that the fusimotor drive activated by the dorsal neck vibratory stimulus was insufficient to 
remove slack and restore the rate of resting discharge of muscle spindles of the triceps surae 
muscles to levels approaching hold-short muscle conditioning. Moreover, the pathway of the 
H-reflex bypasses the muscle spindles; therefore, changes in sensitivity of the muscle spindles 
are not reflected in the amplitude of the H-reflex.  
Another explanation for the smaller H-reflex amplitude after hold-short muscle conditioning 
is that the burst of afferent impulses from muscle spindles following muscle stretch that 
occurs when the muscle is brought back to the test length at the end of hold-short conditioning 
causes the depletion of neurotransmitter from the Ia afferent fibres, called post activation 
depression, that depresses H-reflex amplitude (Gregory et al., 1998). Therefore, it is suggested 
that the different amplitude of the H-reflex after hold-long and hold-short muscle conditioning 
procedure does not reflect a change in the mechanical sensitivity of the muscle spindles.  
 
In other words, even if the fusimotor neurons were activated by the dorsal neck vibratory 
stimulus in this study, it may not be possible to observe changes in the magnitude of the H-
reflex. Instead of the H-reflex, therefore, it was considered that the tendon jerk would be a 
suitable outcome measurement to test this hypothesis. The pathway of the tendon jerk 
includes the muscle spindles; therefore, the amplitude of the tendon jerk reflects the 
sensitivity of the muscle spindles. It was suggested that the tendon jerk is also subjected to 
post activation depression as mentioned above; however, the effect of the depression is 
overridden by the burst of afferent activity when the tap is applied to the mechanically-
  Chapter 9 
 
 
218 
 
sensitive muscle spindles. Therefore, when the tendon tap is applied to a muscle that was 
previously conditioned hold-long, the tap must first take out the slack of the muscle spindles, 
therefore the actual stretch of the muscle spindles becomes less. On the other hand, a tap 
applied to mechanically sensitive muscle spindles induces a larger reflex amplitude. In this 
way, tendon jerk amplitude is influenced by the sensitivity of the muscle spindles, unlike the 
H-reflex. 
 
Tendon jerk amplitude increased after 10 seconds of vibration to the dorsal neck (during) and 
five seconds after the offset of the vibratory stimulus (interposed) when the triceps surae 
muscle was conditioned hold-short. This effect was observed only with a dorsal neck 
vibratory stimulus and not the forearm vibratory stimulus (See 7.3.2). These results suggested 
that the observed effect with dorsal neck muscle vibration was a specific effect, and unlikely 
due to startle. However, when the triceps surae muscle was conditioned hold-long, the after-
effect of the dorsal neck muscle vibratory stimulus was not observed. Therefore, it was 
concluded that the dorsal neck vibratory stimulus does not change the sensitivity of the 
muscle spindles of triceps surae muscles, in turn, does not activate fusimotor neurons. 
 
Studies two (Chapter 5) and three (Chapter 6) showed that modulation in the amplitude of the 
H-reflex in response to vibration of the dorsal neck muscles was very small, or even could not 
be observed.  
The largest response in H-reflex amplitude after application of the dorsal neck vibratory 
stimulus was observed in experiment two, immediately after the onset of the vibratory 
stimulus. This was approximately 120% of its control value (Figure 5.4). The mean value of 
the H-reflex amplitude during the vibratory stimulus was approximately 110 % (Figure 5.3). 
Therefore, the effect of dorsal neck vibration on the amplitude of the H-reflex was rather 
small. 
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Also, in experiment three, mean H-reflex amplitude elicited immediately before the offset of 
10 seconds or 20 seconds vibration tended to increase by approximately 10%, but it was not a 
significant change. No after-effect of the dorsal neck vibratory stimulus was observed. In fact, 
the effect of the dorsal neck vibratory stimulus on the amplitude of the H-reflex was not 
powerful. 
 
However, as shown in the fourth study (Chapter 7), the amplitude of the tendon jerk was 
potentiated by dorsal neck vibration by a much greater margin compared to the increases that 
were observed in the H-reflex studies. For instance, the tendon jerk amplitude immediately 
before the offset of 10 seconds vibration (during) increased by approximately 160%. Even the 
amplitude recorded five seconds after the offset of the vibratory stimulus (interposed) 
increased by approximately 140% of its control value when the triceps surae muscle was 
conditioned hold-short, as described in Chapter 7. It was clear that tendon jerk amplitude was 
greatly influenced by the dorsal neck vibration, while this modulation was not observed in H-
reflex amplitude. 
 
The reason why these two types of spinal reflexes behaved differently in response to the 
dorsal neck vibratory stimulus could not be clarified from these studies. However, it is 
important to consider the difference in characteristics between these reflexes. There are three 
possibilities as follows. 
First, as described in Chapter 2 (Section 2.4.2), the H-reflex and the tendon jerk have different 
characteristics in terms of their composite EPSPs.  
It was demonstrated that the tendon jerk has a long rise time of the EPSP (approximately 10 
ms) that allows the composite EPSPs to be contaminated by oligosynaptic inputs. Therefore, 
it was suggested that the tendon jerk involves not only monosynaptic pathways but also 
oligosynaptic pathways (Burke et al., 1984). It was suggested that if the relevant interneurons 
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of the oligosynaptic pathways act as a barrier to the transmission of the oligosynaptic inputs, 
modulation through the oligosynaptic pathways could be prevented (Burke et al., 1984). 
However, it was demonstrated that interneuronal excitability in the relaxed Human is high 
enough to involve oligosynaptic pathways (Pierrot-Deseilligny et al., 1981a, Pierrot-
Deseilligny et al., 1981b, Bergego et al., 1981). The explanation of the long rise time of the 
tendon jerk EPSP was the dispersion of spindle afferent inputs. It was suggested that the 
EPSPs evoked by the tendon tap is caused by temporal dispersion of the Ia spindle afferents in 
a relatively small number of Ia afferents because the tendon tap induces a burst of discharges 
(Morita et al., 1998). Since it was suggested that the tendon jerk also involves oligosynaptic 
pathways, any modulation in excitability of the oligosynaptic inputs may affect the amplitude 
of the tendon jerk. 
 
On the other hand, the electrical stimulus of the H-reflex induces a single synchronized 
discharge in Ia afferents, and in turn, this causes spatial summation of EPSPs from a larger 
number of Ia afferent fibres (Morita et al., 1998). It was shown that the H-reflex has a shorter 
time course of the rising phase of EPSPs (approximately 4.5 ms). Although oligosynaptic 
contributions to the H-reflex cannot be excluded, it was suggested that the shorter duration of 
EPSPs of the H-reflex might allow monosynaptic excitation to be dominant for some 
motoneurons (Burke et al., 1984).  
Therefore, it is suggested that the tendon jerk involves a larger number of spinal interneurons 
that comprise oligosynaptic pathways than that which occurs with the H-reflex. Therefore, the 
implication from these arguments is that the dorsal neck vibratory stimulus in this series of 
experiments may have influenced the interneurons which subsequently activated motoneurons 
of the soleus muscle. Some animal studies support this proposal that neck afferents influence 
interneurons in the spinal cord (Wilson and Yoshida, 1968, Wilson et al., 1984, Brink et al., 
1985, Suzuki et al., 1985). For instance, Brink et al. (1985) suggested that changes in neck 
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afferent signals induced by neck rotation can modify the excitability of propriospinal neurons 
with short axons located medially in the gray matter of L3 and L4 that project to the 
lumbosacral enlargement (Brink et al., 1985). Also, the vestibulospinal and reticulospinal 
pathways are known to make synaptic connections with lumbar propriospinal neurons 
(Vasilenko and Kostyukov, 1976, Kozhanov and Shapovalov, 1977). If the pathways of the 
tendon jerk reflex involve these interneurons more than those of the H-reflex, and if the dorsal 
neck vibratory stimulus activates interneurons of the lumbar motoneurons, the effect of the 
dorsal neck vibratory stimulus would be more reflected in tendon jerk amplitude in 
comparison to the H-reflex. 
 
Second, as described in 2.4.2, Morita et al. (1998) suggested that the tendon jerk is insensitive 
to presynaptic inhibitory effects when compared to the H-reflex. It was shown that the tendon 
jerk is also depressed by presynaptic inhibition, but only the initial portion of the EPSP. 
Because of the longer time course of the EPSPs of the tendon jerk, the later part of the EPSPs 
remained unaffected. On the other hand, the EPSPs of the H-reflex were all depressed because 
of the short time course of the EPSPs (Morita et al., 1998). Therefore, if any presynaptic 
inhibitory effect was superimposed on the effect of the dorsal neck vibratory stimulus, any 
increase in amplitude of the tendon jerk would be larger than the H-reflex because the tendon 
jerk is less affected by presynaptic inhibition. Moreover, if the latter part of the EPSPs of the 
tendon jerk is induced by oligosynaptic inputs, this also suggests that the modulation in 
excitation of oligosynaptic pathways must be more reflected in the amplitude of the tendon 
jerk in comparison to the H-reflex. 
 
These two possibilities may be included in the explanation for the different behaviour of H-
reflex and tendon jerk after dorsal neck vibration. It seems that the first explanation would be 
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the most reasonable; however, direct evidence for these possibilities was not provided from 
the current studies. 
Because it was implicated that excitation of oligosynaptic neurons would be more reflected in 
potentiation of tendon jerk, both the H-reflex and tendon jerk were employed in the next study. 
 
Even though the dorsal neck vibration did not evoke the expected fusimotor activation of the 
soleus muscle spindles in previous studies as shown in Chapter 6 and 7, the results of this 
study suggested that dorsal neck muscle spindles must be involved in changes in amplitude of 
the tendon jerk as the amplitude of the tendon jerk was potentiated during and after dorsal 
neck vibration when the triceps surae muscles were conditioned as hold-short. To clarify 
whether the observed facilitation of tendon jerk amplitude was due to stimulation of the dorsal 
neck muscle spindles, the preferred stimulus - muscle conditioning, was once again applied to 
the dorsal neck muscles. 
 
Muscle conditioning is a pure stimulus in comparison to a vibratory stimulus; therefore, it was 
believed that muscle conditioning is the preferred stimulus to modulate the sensitivity of 
dorsal neck muscle spindles that could simulate changes in the level of resting discharge of 
spindle afferents that might be expected to occur in daily life. Also, muscle conditioning is 
able to increase or decrease the sensitivity of muscle spindles, and, as a consequence the 
resting discharge of muscle spindles, in a predictable way. In contrast, the vibratory stimulus 
only increases afferent inputs from muscle spindles. Few studies have reported neck muscle 
conditioning dependent changes in head and neck position sense (Owens et al., 2006, Repka 
and Polus, 2008). Therefore, it was assumed that muscle conditioning of neck muscles would 
have an effect similar to that of limb muscles. 
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From the initial study of this thesis, it was concluded that it is difficult to apply unilateral neck 
muscle conditioning to the neck rotator muscles. Also when the head is vertically aligned, the 
effect of muscle conditioning might be expected to be cancelled because of an on-going 
contraction of the neck muscles. 
Therefore, muscle conditioning was applied bilaterally to the dorsal neck muscles, in the 
flexion and extension direction in the sagittal plane. Also, to avoid a tonic contraction of the 
neck muscles, the subject was placed in a supine posture so that the dorsal neck muscles could 
remain relaxed during the trial. 
 
Further, previous studies have suggested that afferent inputs from dorsal neck muscle spindles 
modify vestibulospinal pathways (Manzoni et al., 1998). Therefore, it was hypothesized that 
the influence of dorsal neck muscle spindle input on the excitation of lower motoneurons 
would depend on simultaneous vestibular activation. Therefore, the final study of this thesis 
investigated the effect of muscle conditioning applied to the dorsal neck muscles on the 
amplitude of spinal reflexes using different vestibular inputs induced by static whole body tilt. 
 
According to Knikou and Rymer (2003), static whole body tilt from the supine horizontal 
position to 40 degrees head up tilt increases the amplitude of the H-reflex recorded from the 
soleus muscle. Further increase of tilt to vertical decreases reflex amplitude, but it remains 
higher than the amplitude recorded in the horizontal position (Knikou and Rymer, 2003). 
Therefore, in this study, 30 degrees static whole body tilt was employed to increase loading of 
the vestibulospinal pathways, and 0 degree tilt (horizontal supine) was used as minimum 
vestibulospinal loading. 
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The results of this study showed conditioning-dependent changes in amplitude of the tendon 
jerk and H-reflex only when the body was tilted to 30 degrees, but not when the body was 
horizontal. Also this study assumed that dorsal neck muscle conditioning did systematically 
alter the level of resting discharge of proprioceptive (muscle spindle) afferents. Therefore, the 
effect of whole body tilt on the amplitude of spinal reflexes was observed only when the 
amount of afferent inputs from the dorsal neck muscles was low, but not when the amount of 
afferent inputs was high. It was concluded that regulation of lower limb motoneuron 
excitability increases its dependence on vestibular information when the input from neck 
proprioceptors is low. Also, when vestibulospinal pathways are loaded by whole body tilt, 
changes in the level of resting discharge from neck muscle proprioceptive afferents are more 
critical for the modulation of the amplitude of both the tendon jerk and H-reflex.  
 
Interestingly, in this study, both the tendon jerk and the H-reflex behaved in a similar way in 
response to the combined stimulus of whole body tilt and dorsal neck muscle conditioning, 
unlike the dorsal neck vibration experiments of Chapters 5 to 7. These studies used different 
interventions – that is dorsal neck vibration versus a combination of whole body tilt and 
dorsal neck muscle conditioning. Also, the earlier studies had the subject in a sitting posture, 
while, the subject was in a supine posture in the final study. Therefore it is difficult to directly 
compare these results. However, some contrasts and comparisons can be made.  
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Figure. 9.1 Behaviour of H-reflex and tendon jerk in response to different 
interventions. 
This figure shows the behaviour of the H-reflex (left column) and tendon jerk (right column) 
in response to dorsal neck vibration in the seated position (upper row), whole body tilt + hold-
long dorsal neck muscle conditioning (middle row) and whole body tilt + hold-short dorsal 
neck muscle conditioning (lower row). The H-reflex and tendon jerk behaved in a different 
way in response to vibration. However, their response behaviours were similar in response to 
whole body tilt. See text for complete description. 
 
Both the H-reflex and the tendon jerk were facilitated by a similar proportion when 30 
degrees whole body tilt and dorsal neck muscle hold-long conditioning were combined. It 
may be reasonable to consider that the intervention used in this study – that is, the vestibular 
stimulus, was modified or suppressed by neck afferent inputs; meanwhile, the effect of the 
neck vibratory stimulus used in previous studies did not involve the same mechanism. It is 
likely that the vestibular-originated descending drive through the vestibulospinal pathways 
directly modulated the alpha motoneurons of the soleus muscle in the tilt study, since it was 
suggested that changes in otolith inputs induced by static whole body tilt modulate alpha 
motoneurons of soleus muscle (Knikou and Rymer, 2003). Because it was suggested that the 
response vector of the vestibular and the neck inputs in the vestibular nuclei oppose each 
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other (Manzoni et al., 1999, Gdowski and McCrea, 2000), it can be considered that the higher 
resting discharge of the dorsal neck muscle spindles in hold-short may have gated the 
vestibular descending drive. However, this did not occur with hold-long dorsal neck muscle 
conditioning.  
Even though it cannot be clarified what neurons were activated by whole body tilt and dorsal 
neck muscle conditioning in this final study, it is suggested that modulation of H-reflex 
amplitude associated with whole body tilt is primarily induced by changes in vestibular inputs 
(Knikou and Rymer, 2003). Therefore, it can be interpreted that the dorsal neck muscle 
signals altered by dorsal neck muscle conditioning did not independently modulate 
motoneuron excitability of the soleus muscle, but that the dorsal neck muscle signals shaped 
the vestibulospinal descending outputs (Manzoni et al., 1999, Gdowski and McCrea, 2000) 
induced by tilt.  
It might also be suggested that the different interventions used in the vibration studies and tilt 
study activated interneurons and alpha motoneurons in different proportions. It may be 
reasonable to say that the dorsal neck vibratory stimulus independently modulated the spinal 
reflexes of the lower limb muscles, possibly through the spinal interneurons because an 
increase of reflex amplitude was induced by neck vibration only – without changing 
vestibular afferents – and its excitatory effect in amplitude of reflex could predominantly be 
observed in tendon jerk reflex. 
However, as mentioned above, a simple comparison of these results from the vibration studies 
and the tilt study is difficult. A conclusion might be that the descending pathways that were 
activated by the dorsal neck vibratory stimulus were different from the pathways that were 
activated by the vestibular stimulus induced by whole body tilt because the response patterns 
of the tendon jerk and H-reflex to dorsal neck vibration and a combination of whole body tilt 
and dorsal neck muscle conditioning was different. Dorsal neck vibration mainly increased 
tendon jerk amplitude that might involve more oligosynaptic pathways in comparison to the 
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H-reflex (Burke et al., 1984). Therefore, dorsal neck vibration possibly activated spinal 
interneurons involved in the oligosynaptic pathways.  
On the other hand, the final study of this thesis showed that both H-reflex and tendon jerk 
amplitude were modulated by whole body tilt and dorsal neck muscle conditioning, regardless 
of the difference of characteristics of the H-reflex and the tendon jerk. Therefore, the 
possibility is that changes in vestibular inputs induced by whole body tilt increased the 
excitability of the alpha motoneuron pool, that is a mutual pathway of the H-reflex and tendon 
jerk, through the descending vestibulospinal pathway, and that changes in the rate of neck 
afferent inputs modified the descending output from the vestibular nuclei.  
 
To sum up, the answer to the fundamental research question “whether changes in muscle 
spindle afferents from the neck have an effect on spinal reflex excitability of the lower limb 
muscles” is yes, but only when the body is tilted. When the resting discharge of the dorsal 
neck muscle spindles is tonically high or low, motoneuron excitability of the lower limb 
muscles for a specific vestibular context becomes different. Therefore, it can be suggested that 
changes in afferent inputs from the neck muscle proprioceptors influence postural stability. 
 
From the results of this study, it was suggested that the reliance on dorsal neck muscle spindle 
inputs for the control of lower motoneurons, in turn, for postural regulation becomes higher 
when vestibular afferents are increased by whole body tilt. In other words, the impact of the 
dorsal neck muscle spindle inputs on postural control scales up with an increase in 
vestibulospinal descending drive. It was suggested that in the healthy Human, the rate of 
dependence of postural regulation for sensory inputs is 70 % for somatosensory inputs, 10 % 
for visual inputs, and 20 % for vestibular inputs during standing on a stable surface. However, 
the ratio changes and the weighting for vestibular and visual inputs increases in stance when 
somatosensory signals from supporting surface is unstable (Peterka, 2002)  – that might occur 
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even during locomotion tasks in activities of daily living. By taking account of these 
proposals together, it is suggested that the impact of changes in neck muscle spindle signals 
for postural regulation becomes more critical in circumstances where the support surface is 
unstable.  
 
In the healthy human, neck muscle spindle signals must be flexibly responsive to the 
changing needs of postural control. In order to achieve this, the dorsal neck muscles which 
have the highest density of muscle spindles, need to relax and contract, stretch and shorten – 
in an appropriate way to allow normal neck movement, and maintain the proper relationship 
and movement of the head relative to the body. Such appropriate movement of the neck 
should provide appropriate somatosensory signals to the vestibular nuclei for suitable postural 
control.  However, in the clinical situation, both abnormally high or low neck muscle spindle 
activity might occur as a consequence of neck disorders such as neck pain, injury, or fatty 
infiltration of the neck muscles. 
For instance, it has been suggested that inflammatory neck pain might be associated with a 
heightened muscle spindle sensitivity. According to animal studies, injection of bradykinin to 
the neck muscles or cervical joints causes a tonic increase in fusimotor activity of neck 
muscle spindles (Pedersen et al., 1997, Thunberg et al., 2001). In other words, muscle spindle 
sensitivity as well as the rate of resting discharge of neck muscle spindle afferents might tend 
to be high in patients with neck injury, for example whiplash injury, because of the higher 
fusimotor activity. It has been shown in whiplash injured patients that an increase of neck 
muscle tone caused by injecting iso-proterenol caused a deterioration of vestibular function 
and increased vertigo symptoms. On the other hand, decreasing cervical muscle tone by 
injecting propranol, a beta-sympathetic blocker, resulted in an improvement of vestibular 
function and vertigo symptoms (Hinoki and Niki, 1975). In such circumstances, it might be 
difficult for neck muscle spindle signals to regulate vestibulospinal descending outputs for 
  Chapter 9 
 
 
229 
 
postural control since the final study of this thesis found that motoneuron excitability of the 
lower limb muscles is less influenced by changes in vestibular background inputs with a 
presumed higher rate of resting discharge from neck muscle spindle afferents.  
Patients who have an unchanged motor output when exposed to different vestibular 
background inputs may have neck muscle spindle signals that are unable to flexibly adapt 
their discharge to changes in a different postural context.   
 
On the other hand, it is known that some patients who have experienced whiplash injury show 
decreased muscle strength and post traumatic cervical muscle atrophy (Ovadia et al., 2002). It 
is known that muscle degeneration involving extrafusal fibres occurs when a muscle is 
immobilized for a period of one – three weeks (Witzmann et al., 1982, Booth, 1987). Further, 
studies have shown that intrafusal fibres also undergo degenerative change after four weeks of 
immobilisation in rat hindlimb muscles (Jozsa et al., 1988, Kameda, 1993, Takahashi and 
Kimura, 1997).  
It is unknown whether such degenerative change in neck muscles and muscle spindles result 
in a decrease in afferent inputs from neck muscle spindles. However, few studies have 
suggested that chronic neck pain patients show signs of atrophy and fatty infiltration of the 
suboccipital muscles. Further, these subjects showed poorer standing balance in comparison 
to normal subjects (Hallgren et al., 1994, McPartland et al., 1997a). Therefore, it is suggested 
that degeneration or atrophy of the neck muscles that have been shown to be sometimes 
associated with balance disturbances may be the result of decreased neck somatosensory 
inputs.  
 
In this thesis, dorsal neck conditioning-dependent changes in motoneuron excitability of the 
postural extensor muscles was shown. This result supports the proposal that an increase or 
decrease in neck somatosensory inputs cause systematic changes in motoneuron excitability in 
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a predictable way that may result in a balance disturbance. Therefore, it can be suggested that 
elimination of pain as well as functional recovery of neck muscles is important for the 
regulation of motoneuron excitability of the lower limb muscles, and consequently, for 
postural control.  
  
Previous studies have suggested that neck inputs may compensate for reduced vestibular 
function as this slowly decreases with age (Strupp et al., 1999, Schweigart et al., 2002). In 
other words, the importance of neck sensory inputs increases with age. Therefore, an 
understanding of the effect of altered neck muscle spindle input on lower limb muscle 
activation during posture and movement may contribute to an avoidance and prevention of 
falls, especially in the elderly. This study contributes to an understanding of a change in 
motor performance that may occur in response to neck pain and injury.  
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9.3 Study limitations     
The reported experiments have encountered several limitations as follows. These limitations 
must be considered to correctly understand this thesis. 
 
    9.3.1 Muscle conditioning effect in the dorsal neck muscles 
Even though muscle conditioning is well established as a tool to systematically alter the 
mechanical sensitivity of muscle spindles in limb muscles (Proske et al., 1993), there is no 
direct evidence that muscle conditioning has this effect when applied to dorsal neck muscles. 
In this study, it was assumed that muscle conditioning produces similar effects in dorsal neck 
muscles since it is suggested that neck muscle spindles are functionally similar to muscle 
spindles in other skeletal muscles (Richmond and Abrahams, 1979b) Further, muscle 
conditioning-dependent changes were observed in the reported studies of this thesis. However, 
it is impossible to eliminate the possibility that the muscle conditioning manoeuvre modulated 
receptors other than the dorsal neck muscle spindles. Therefore, the candidate receptor that 
caused the muscle conditioning-dependent changes is not able to be specified. 
Also, as discussed in Chapter 4, neck muscle conditioning in the sitting subject was 
considered problematic. In this posture, it was very difficult to keep the subjects’ neck 
muscles completely relaxed as long as the head was maintained in the vertical posture, even 
though the head of the subject was supported by a head frame. Therefore, it was concluded 
that muscle conditioning of the neck muscles in sitting subjects failed to have the expected 
effect. 
Even if muscle conditioning successfully altered the sensitivity of the dorsal neck muscle 
spindles, a problem still remains that the modulated muscle spindle signals could arise from 
both neck extensor and flexor muscles. Even though the isometric muscle contraction was 
intentionally performed in the dorsal neck muscles (extensor), the anterior neck muscles 
(flexor) may also have been contracted due to the nature of co-contractions (Inglis and Frank, 
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1990, Winter et al., 2005). Therefore, there is a possibility that decreased dorsal neck muscle 
spindle signals associated with hold-long conditioning may have been associated with an 
increase in anterior neck muscle spindle signals. Also, the increased sensitivity of the dorsal 
neck muscle spindles associated with hold-short muscle conditioning may have been 
accompanied by a decreased sensitivity of the anterior neck muscle spindles. 
From the point of view of simulating head position relative to the body, muscle conditioning 
of both dorsal neck and anterior neck muscles might be expected to have a synergistic effect. 
For instance, hold-long dorsal neck muscle conditioning is associated with hold-short anterior 
neck muscle conditioning. In this case, signals from these antagonistic muscle groups might 
be expected to simulate neck extension.  Therefore, the effects of muscle conditioning of both 
neck extensors and flexors cooperate together to mimic a head-neck posture in a specific 
direction - either flexion or extension. 
In fact, it is not clear whether, for example, the effect of “dorsal neck muscle hold-long 
conditioning” observed in the results of the final study of this thesis was actually due to an 
effect of “anterior neck muscle hold-short conditioning”. However, isometric contraction for 
muscle conditioning was intentionally performed in the dorsal neck muscles, and also, the 
dorsal neck muscles contain much greater numbers of muscle spindles to be affected by the 
effect of muscle conditioning. For these reasons, it was assumed that the dorsal neck muscles 
were mainly targeted by the muscle conditioning manoeuvre.  
 
    9.3.2 The effect of the vibratory stimulus  
In this study, a vibratory stimulus was applied over the dorsal neck muscles. It was considered 
that this strong artificial stimulus may cause not only an activation of muscle spindle afferents 
but also a startle effect. 
As discussed in Chapter 5, the effect of the vibratory stimulus involves a certain degree of 
startle especially when the reflex stimulus is given immediately after the onset and offset of 
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the vibratory stimulus. Sudden changes in tactile (Pilz et al., 2004) and sound stimuli (Koch, 
1999, Nieuwenhuijzen et al., 2000) causes a startle effect that facilitates muscle activity acting 
through the caudal pontine reticular nucleus (PnC). Therefore, tactile and sound stimuli 
induced by vibration might have caused a startle effect. The PnC is known to project to facial, 
cranial and spinal cord nuclei; therefore a widespread facilitatory effect might be expected to 
be induced (Koch, 1999). In fact, the vibratory stimulus applied to the dorsal neck in the 
studies of this thesis delivers both auditory and tactile stimuli. Therefore, a startle response 
also has to be considered to influence the potentiation of motoneuron excitability. 
 
Also, this artificial strong stimulus is unlikely to be equivalent to the degree of activation of 
receptors occurring in daily life. Therefore, the results from the studies that employed a 
vibratory stimulus may provide an understanding of the effect of a strong activation of dorsal 
neck muscle spindles; however, this artificial activation may not be able to be applied to 
explain actual phenomena that occur in daily life after neck pain or injury. 
Further, there is the possibility that the vibratory stimulus was transmitted to sites other than 
the target site. Especially, there was concern that direct transmission of the vibratory stimulus 
to the vestibular apparatus which then induced changes in amplitude of the reflex. Even 
though Magnusson and Andersson (2006) demonstrated that the effect of a neck muscle 
vibratory stimulus on body sway in standing subjects was not due to direct transmission to the 
vestibular apparatus (Magnusson et al., 2006), it is unknown how broad an area the vibratory 
stimulus can involve. Therefore, it is important to take into consideration that the effect of the 
vibratory stimulus may not have been specific to the neck muscles only. 
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    9.3.3 Recruited subjects 
Because all of the experiments reported in this thesis use Human subjects, it was impossible 
to determine the mechanism underlying the obtained results, e.g. which site of the central 
nervous system the convergence or subtraction of vestibular and neck afferent signals might 
occur. The experimental tools that were used in this study such as surface electromyography, 
the tendon jerk and the H-reflex can provide a good indication for muscle activity and 
motoneuron excitability; however, they are not direct measurements. Moreover, the included 
subjects were healthy and relatively young adults. Therefore, the obtained results are not able 
to be applied to either the elderly or young (adolescents or children) subjects as well as 
patients who have, for instance, neck and/or vestibular disorders. 
Some studies recruited only a small number of subjects and this may increase the potential of 
a type II error.  
 
9.4 Recommendations 
To further expand the current study, it is recommended to repeat the current studies in the 
elderly and in chronic neck pain subjects. In the current study, all experiments were tested 
with young healthy subjects to investigate normal and healthy responses. 
 
It has been suggested that vestibular apparatus deterioration occurs with age. The number of 
hair cells, ganglions, and vestibular nerves progressively decrease with increasing age 
(Bergstrom, 1973, Rosenhall, 1973, Richter)[as cited by (Schweigart et al., 2002)]. However, 
vestibular function does not decrease with age in comparison to the morphological 
deterioration of the vestibular apparatus. Therefore, it was suggested that vestibular function 
that decreases with age is substituted by a compensatory increase in neck proprioceptive 
inputs (Schweigart et al., 2002). For instance, Strupp et al. (1999) showed that an increase of 
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vibration-induced displacement of the subjective visual straight-ahead occurs with advancing 
age. The authors of this study concluded that an up-regulation of neck proprioceptive inputs 
occurred to substitute for the decrease in vestibular function with age (Strupp et al., 1999). 
Meanwhile, it is also known that proprioceptive inputs from muscle decrease with age 
(Rosant et al., 2007). It was reported that joint position sense of the knee (Kaplan et al., 1985, 
Barrett et al., 1991, Petrella et al., 1997, Hurley et al., 1998) and index finger (Ferrell et al., 
1992) decrease with age. However, interestingly, it was also reported that there is only low or 
no correlation between head-neck position sense and age (Heikkila and Wenngren, 1998, Rix 
and Bagust, 2001, Armstrong et al., 2008). Therefore, the implication is that, even in the 
elderly, proprioceptive inputs from neck muscles may successfully function and compensate 
for the decreased function of the vestibular apparatus for postural regulation, as long as 
subjects do not have a history of neck injury or chronic neck pain. It is known that chronic 
neck pain causes muscle atrophy and this may decrease the number of muscle receptors. A 
study in limb muscles suggests such a consequence of muscle atrophy.  
If the tilt study that was reported in this thesis (Chapter 8) is performed in elderly subjects, it 
would be expected that a stronger tendency of muscle conditioning-dependent changes might 
be observed. Such a result may support the importance of management of neck muscle 
function in the elderly. An improvement in postural stability in the elderly contributes to a 
reduction in the risk of femoral fracture from falls that is known to have a poor prognosis as 
well as improvement of their quality of life (Farnworth et al., 1994, Takayama et al., 2001, 
Boonen et al., 2004).  
  
Also, as discussed under study limitations (9.3.1), whether muscle conditioning applied to the 
neck muscles has an effect to systematically alter the level of resting discharge of muscle 
proprioceptive inputs needs to be investigated. Afferent nerve recordings from dorsal neck 
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muscle spindle afferents after dorsal neck muscle conditioning needs to be done to support the 
presented results of the current studies. 
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DIVISION OF CHIROPRACTIC 
SCHOOL OF HEALTH SCIENCES 
PH: +61 3 9925 7596  FAX: +61 3 9467 2794 
 
 
INVITATION TO PARTICIPATE IN A RESEARCH PROJECT 
PROJECT INFORMATION STATEMENT FOR EXPERIMENT (1) 
 
Project Title: 
 
The influence of neck muscle spindles in control of limb motoneuron excitability. 
 
Investigators: 
 
o Hiroshi Sasaki (Chiropractic Science Masters degree student) s2005976@student.rmit.edu.au, 
9925 7655 
o Dr Barbara I Polus (Project Senior Supervisor: Associate Professor, Division of Chiropractic, 
School of Health Science, RMIT University) barbara.polus@rmit.edu.au, 9925 7714 
o Dr Amanda Kimpton (Project Second Supervisor: Lecturer, Division of Chiropractic, School of 
Health Science, RMIT University) amanda.kimpton@rmit.edu.au, 9925 6547 
 
Dear participant… 
 
You are invited to participate in a research project being conducted by RMIT University.  This 
information sheet describes the project in straightforward language, or ‘plain English’.  Please read 
this sheet carefully and be confident that you understand its contents before deciding whether to 
participate.  If you have any questions about the project, please ask one of the investigators.   
 
Who is involved in this research project? Why is it being conducted? 
My name is Hiroshi Sasaki.  I am a research student in the Division of Chiropractic, School of 
Health Science, RMIT University.  This study is conducted as part of my Master of Chiropractic 
Science by Research Degree.  This project has been approved by the RMIT Human Research Ethics 
Committee. 
 
Why have you been approached? 
This project requires volunteers who are healthy, young adults (aged between 18 and 40) and who 
do not have: 
 a history of blood or vascular disease 
 any neurologic problem including that of the brain or any nervous disorder 
 ear disease 
 dizziness or imbalance 
 neck or leg injury within the last 3 months 
 an internal electrical or metallic device i.e. pacemaker 
 any disease involving muscles or bones 
 
What is the project about? What are the questions being addressed? 
This project is investigating the role of the neck in the control of posture.  Particularly, we want to 
focus our attention on how easily and to what extent nerves to the leg muscles are activated in 
response to changing the position of the neck (rather than the head) relative to the body.  
 
To assess activation of nerves to the muscle, we will use a small electrical stimulus.  This activates 
the nerves of your leg that in turn produces a reflex calf muscle contraction.  The electrical stimulus 
will be applied using electrodes that are attached to the surface of the back and front of your knee.  
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We record the reflex muscle contraction and electrical activity through these electrodes.  We expect 
about 10 people to participate in this study. 
 
If I agree to participate, what will I be required to do? 
Once you decide to be a participant, you will be invited to the RMIT Neuroscience Laboratory 
located at the RMIT Bundoora West campus.  Please make sure that you have read and agreed with 
this plain language statement before you agree to be a participant of this project.  The experiment 
will take about 1 hour including preparation time.  You will first be asked to a complete a consent 
form and a questionnaire before starting the experiment.  After that, we will need to check the range 
of movement of your neck.  
 
We strongly encourage you to notify the investigators if ever you feel uncomfortable during any 
part of the experiment or during the preparation time.  We will either stop the experiment 
immediately or adjust the experiment until you are comfortable and relaxed. 
 
Preparation 
To prepare you for the experiment, we will attach a number of recording and stimulating electrodes 
to your body.  Your neck and leg skin will first be cleaned by an alcohol swab.  Electrodes will be 
attached by an adhesive tape to the skin overlying your neck muscles and the muscles of your right 
calf.  These electrodes allow us to measure the activity level of these muscles.   
 
Once the recording electrodes are fitted into place, you will be asked to seat yourself comfortably in 
a custom-built chair with a racing car harness strapped over your shoulders.  The chair is designed 
to be rotated in both directions around the axis of rotation of your neck.  A helmet-frame that is 
designed to fit over your forehead and base of your head will be lowered over your head. This 
helmet-frame keeps your head steady as your body turns around it; however, you will be able to 
remove your head from this helmet easily if you feel any discomfort. 
 
Experiment 
We will need to measure the reflex contraction of your right calf muscles in response to the 
electrical stimulus delivered by an electrode attached to the back of your knee.  The duration of 
each electrical pulse is very short (about 1 millisecond).  The electrical pulse excites nerve fibres 
that in turn produce a muscle contraction.  Although you will feel the stimulus, it should not be 
painful.  The pulse will not affect any other body tissues and may be so small that you do not feel 
the reflex contraction of the muscle.  
 
Before each experiment, we will need to stimulate the nerve at the back of your right knee 
electrically a number of times (about 15 times) to identify the smallest as well as the largest 
stimulus that produces a reflex muscle contraction.  
 
Once we are satisfied that we have a usable and reproducible reflex, you will be asked to sit quietly 
for a few minutes so that you can achieve a state of relaxation.  A blindfold will be fitted over your 
eyes and will remain in place for the duration of the trial of the experiment. 
 
We will ‘condition’ your right calf muscles prior to all experiments.  To do this, you will be asked 
to try to flex your right ankle joint for approximately 3 seconds as if you are standing on your toes.  
This will produce a contraction of your calf muscles.  
 
Next, we need to also condition your neck muscles.  In order to do this, we first rotate your neck by 
turning your body with the seat of the chair while your head remains in the straight-ahead position.  
Then we ask you to contract your neck muscles by trying to turn your head against a resistance 
force that is provided by the examiner’s hand placed against your jaw for about 3 seconds.  We then 
ask you to keep your neck muscles relaxed for the rest of the trial.  At the end of this neck 
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conditioning sequence the electrical stimulus will be given to the back of your knee.  This same 
procedure will be repeated approximately 10 to 18 times. 
 
We may like to take a photograph of you to illustrate the experimental set-up for publication 
purposes.  If you are happy to have your photograph taken we will mask your identify by blanking 
your face. 
 
What are the risks or disadvantages associated with participation? 
You will be required to contract your neck and leg muscles a number of times. If you have a 
tendency towards muscle cramps, you may reconsider whether you want to participate in this 
experiment. If you choose to participate and a muscle cramp occurs, the experiment will be stopped 
and your muscle cramp will be managed using accepted clinical procedures.  
 
The electrical stimuli we use to activate your nerves may cause you discomfort but you should not 
feel any pain.  If you become uncomfortable or distressed as a result of this procedure the 
experiment will be immediately stopped.  
 
All electrical equipment will be connected to the mains power outlet via a core leakage detector to 
prevent any electrical accidents. 
 
 
 
If you are concerned about your responses to any of the questionnaire items or if you find 
participation in the project distressing, you should contact myself, Hiroshi Sasaki or my supervisors 
Associate Professor Barbara Polus or Dr. Amanda Kimpton.  We will discuss any concerns with 
you confidentially and suggest appropriate follow-up, if necessary. 
 
What are the benefits associated with participation? 
You will be reimbursed for your time and travel to the laboratory for $20 per one session. 
 
What will happen to the information I provide? 
We will collect your age, gender, health status and the amplitude of reflex recorded from your leg 
muscles during the different procedures applied to your neck. This information will be kept 
anonymously at all stages of the research.  
 
Any information that you provide can be disclosed only if (1) it is to protect you or others from 
harm, (2) a court order is produced, or (3) you provide the researchers with written permission. 
 
The research data will be kept securely at RMIT for period of 5 years before being destroyed. 
 
What are my rights as a participant? 
You have the right to: 
1. withdraw your participation at any time without prejudice. 
2. have any unprocessed data withdrawn and destroyed. 
 
Whom should I contact if I have any questions? 
If you have any questions regarding this study, you can contact the following. 
 
Investigator: Hiroshi Sasaki (9925-7655) 
Supervisor: Associate professor Barbara Polus (9925-7714) 
Dr. Amanda Kimpton (9925 6547) 
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Yours sincerely 
 
 
Hiroshi Sasaki: B.App.Sc, B.C.Sc 
Dr Barbara Polus: Associate Professor, B.App.Sc(Chiro), MSc, PhD 
Dr Amanda Kimpton: B.App.Sc(Chiro), PhD 
 
Any complaints about your participation in this project may be directed to the Executive Officer, 
RMIT Human Research Ethics Committee, Research & Innovation, RMIT, GPO Box 2476V, 
Melbourne, 3001.    
Details of the complaints procedure are available at:  http://www.rmit.edu.au/rd/hrec_complaints  
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DIVISION OF CHIROPRACTIC 
SCHOOL OF HEALTH SCIENCES 
PH: +61 3 9925 7596  FAX: +61 3 9467 2794 
 
 
 
INVITATION TO PARTICIPATE IN A RESEARCH PROJECT 
PROJECT INFORMATION STATEMENT (2) 
 
 
Project Title: 
The influence of neck muscle spindles in control of limb motoneuron excitability. 
 
Investigators: 
o Hiroshi Sasaki (Chiropractic Science Masters degree student) s2005976@student.rmit.edu.au, 
9925 7655 
o Dr Barbara I Polus (Project Senior Supervisor: Associate Professor, Division of Chiropractic, 
School of Health Science, RMIT University) barbara.polus@rmit.edu.au, 9925 7714 
o Dr Amanda Kimpton (Project Second Supervisor: Lecturer, Division of Chiropractic, School of 
Health Science, RMIT University) amanda.kimpton@rmit.edu.au, 9925 6547 
 
Dear participant… 
 
You are invited to participate in a research project being conducted by RMIT University. This 
information sheet describes the project in straightforward language, or ‘plain English’.  Please read 
this sheet carefully and be confident that you understand its contents before deciding whether to 
participate.  If you have any questions about the project, please ask one of the investigators.   
 
 
Who is involved in this research project? Why is it being conducted? 
My name is Hiroshi Sasaki.  I am a research student in the Division of Chiropractic, School of 
Health Science, RMIT University.  This study is conducted as part of my Master of Chiropractic 
Science by Research Degree.  Associate Professor Barbara I Polus, Dr Amanda Kimpton, and I are 
involved in this project.  This project has been approved by the RMIT Human Research Ethics 
Committee. 
 
Why have you been approached? 
This project requires volunteers who are healthy, young adults (aged between 18 and 40) and who 
do not have: 
 a history of blood or vascular disease 
 any neurologic problem including that of the brain or any nervous disorder 
 ear disease 
 dizziness or imbalance 
 neck or leg injury within the last 3 months 
 an electrical or metallic apparatus inside their body such as a pacemaker 
 any disease involving muscles or bones 
 
What is the project about? What are the questions being addressed?  
This project is investigating the role of the neck in the control of posture.  Particularly, we want to 
focus our attention on how easily and to what extent nerves to the leg muscles are activated in 
response to changing the position of the neck (rather than the head) relative to the body.  
 
To assess activation of nerves to the muscle, we will use a small electrical stimulus.  This activates 
the nerves of your leg that in turn produces a reflex calf muscle contraction.  The electrical stimulus 
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will be applied using electrodes that are attached to the surface of the back and front of your knee.  
We record the reflex muscle contraction and electrical activity of your leg through the electrodes.   
We expect about 10 people to participate in each experiment. 
 
If I agree to participate, what will I be required to do? 
Once you decide to be a participant, you will be invited to the RMIT Neuroscience Laboratory 
located at the RMIT Bundoora West campus.  Please make sure that you have read and agreed with 
this plain language statement before you agree to be a participant of this project.  The experiment 
will take about 1 hour including preparation time.  You will first be asked to a complete a consent 
form and a questionnaire before starting the experiment.  After that, we will need to check the range 
of movement of your neck.  
 
We strongly encourage you to notify the investigators if ever you feel uncomfortable during any 
part of the experiment or during the preparation time.  We will either stop the experiment 
immediately or adjust the experiment until you are comfortable and relaxed. 
 
Preparation 
To prepare you for the experiment, we will attach a number of stimulating and recording electrodes 
to your body.  Your leg skin will first be cleaned by an alcohol swab.  Electrodes will be attached 
by an adhesive tape to the skin overlying your neck muscles and the muscles of your right calf.  
These electrodes allow us to measure the activity level of these muscles.   
 
Once the recording electrodes are fitted into place, you will be asked to seat yourself comfortably in 
a custom-built chair with a racing car harness strapped over your shoulders.  The chair is designed 
to be rotated in both directions around the axis of rotation of your neck.  A helmet-frame that is 
designed to fit over your forehead and base of your head will be lowered over your head.  This 
helmet-frame keeps your head steady as your body turns around it; however, you will be able to 
remove your head from this helmet easily if you feel any discomfort. 
 
We will need to measure the reflex contraction of your right calf muscles in response to the 
electrical stimulus delivered by an electrode attached to the back of your knee.  The duration of 
each electrical pulse is very short (about 1 millisecond).  The electrical pulse excites nerve fibres 
that in turn produce a muscle contraction.  Although you will feel the stimulus, it should not be 
painful.  The pulse will not affect any other body tissues and may be so small that you do not feel 
the reflex contraction of the muscle.  
 
Before each experiment, we will need to stimulate the nerve at the back of your right knee 
electrically a number of times (about 15 times) to identify the smallest as well as the largest 
stimulus that produces a reflex muscle contraction.  
 
Once we are satisfied that we have a usable and reproducible reflex, you will be asked to sit quietly 
for a few minutes so that you can achieve a state of relaxation.  A blindfold will be fitted over your 
eyes and will remain in place for the duration of the trial of the experiment.  Then the experiment 
will be started. 
 
Experiment 
We will ‘condition’ your right calf muscles in all experiments.  To do this, you will be asked to try 
to flex your right ankle joint for approximately 3 seconds as if you are standing on your toes.  This 
will produce a contraction of your calf muscles.  
 
Then the examiner will rotate your neck by turning your body with the seat of chair to either the 
right or left side while your head remains in the straight ahead position.  Once the chair has been 
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turned and locked into place, the vibratory stimulus will be applied to the back of your neck for a 
period of less than 80 seconds.  During this time the electrical stimulus will be given to the back of 
your right knee.  
 
We may like to take a photograph of you to illustrate the experimental set-up for publication 
purposes.  If you are happy to have your photograph taken we will mask your identify by blanking 
your face. 
 
What are the risks or disadvantages associated with participation? 
There are no reported adverse effects associated with a vibratory stimulus applied either to the 
neck. Also this stimulus will only be applied for a short and defined time in this study.  The neck 
vibration also might induce mild dizziness.  If you feel discomfort as a result of this, the 
experiment will be stopped and you will be rested until you feel better.  
 
You will be required to contract your leg muscles.  If you have a tendency towards muscle cramps, 
you may reconsider whether you want to participate in this experiment.  If you choose to participate 
and a muscle cramp occurs, the experiment will be stopped and your muscle cramp will be managed 
using accepted clinical procedures.  
 
The electrical stimuli we use to activate your nerves may cause you discomfort but you should not 
feel any pain.  If you become uncomfortable or distressed as a result of this procedure the 
experiment will be immediately stopped.  
 
Furthermore, all electrical equipment including the vibrator will be connected to the mains power 
outlet via a core leakage detector to prevent any electrical accidents. 
 
If you are concerned about your responses to any of the questionnaire items or if you find 
participation in the project distressing, you should contact myself, Hiroshi Sasaki or my supervisors 
Associate Professor Barbara Polus or Dr. Amanda Kimpton as soon as convenient.  We will discuss 
your concerns with you confidentially and suggest appropriate follow-up, if necessary. 
 
What are the benefits associated with participation? 
You will be reimbursed for your time and travel to the laboratory for $20 per one session. 
 
What will happen to the information I provide? 
We will collect your age, gender, health status and the amplitude of reflex recorded from your leg 
muscles during the different procedures applied to your neck.  This information will be kept 
anonymously at all stages of the research. 
 
Any information that you provide can be disclosed only if (1) it is to protect you or others from 
harm, (2) a court order is produced, or (3) you provide the researchers with written permission. 
 
The research data will be kept securely at RMIT for period of 5 years before being destroyed. 
 
What are my rights as a participant? 
You have the rights to: 
3. withdraw your participation at any time without prejudice. 
4. have any unprocessed data withdrawn and destroyed 
 
Whom should I contact if I have any questions? 
If you have any questions regarding the study, you can contact the following . 
 
Investigator: Hiroshi Sasaki (9925-7655) 
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Supervisor: Associate professor Barbara Polus (9925-7714) 
Dr. Amanda Kimpton (9925 6547) 
 
Yours sincerely 
 
 
Hiroshi Sasaki: B.App.Sc, B.C.Sc 
Dr Barbara Polus: Associate Professor, B.App.Sc(Chiro), MSc, PhD 
Dr Amanda Kimpton: B.App.Sc(Chiro), PhD 
 
Any complaints about your participation in this project may be directed to the Executive Officer, 
RMIT Human Research Ethics Committee, Research & Innovation, RMIT, GPO Box 2476V, 
Melbourne, 3001.    
Details of the complaints procedure are available at:  http://www.rmit.edu.au/rd/hrec_complaints  
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DIVISION OF CHIROPRACTIC 
SCHOOL OF HEALTH SCIENCES 
PH: +61 3 9925 7596  FAX: +61 3 9467 2794 
 
 
 
INVITATION TO PARTICIPATE IN A RESEARCH PROJECT 
PROJECT INFORMATION STATEMENT (2) 
 
 
Project Title: 
The influence of neck muscle spindles in control of limb motoneuron excitability. 
 
Investigators: 
o Hiroshi Sasaki (Chiropractic Science Masters degree student) s2005976@student.rmit.edu.au, 
9925 7655 
o Dr Barbara I Polus (Project Senior Supervisor: Associate Professor, Division of Chiropractic, 
School of Health Science, RMIT University) barbara.polus@rmit.edu.au, 9925 7714 
o Dr Amanda Kimpton (Project Second Supervisor: Lecturer, Division of Chiropractic, School of 
Health Science, RMIT University) amanda.kimpton@rmit.edu.au, 9925 6547 
 
Dear participant… 
 
You are invited to participate in a research project being conducted by RMIT University. This 
information sheet describes the project in straightforward language, or ‘plain English’.  Please read 
this sheet carefully and be confident that you understand its contents before deciding whether to 
participate.  If you have any questions about the project, please ask one of the investigators.   
 
 
Who is involved in this research project? Why is it being conducted? 
My name is Hiroshi Sasaki.  I am a research student in the Division of Chiropractic, School of 
Health Science, RMIT University.  This study is conducted as part of my Master of Chiropractic 
Science by Research Degree.  Associate Professor Barbara I Polus, Dr Amanda Kimpton, and I are 
involved in this project.  This project has been approved by the RMIT Human Research Ethics 
Committee. 
 
Why have you been approached? 
This project requires volunteers who are healthy, young adults (aged between 18 and 40) and who 
do not have: 
 a history of blood or vascular disease 
 any neurologic problem including that of the brain or any nervous disorder 
 ear disease 
 dizziness or imbalance 
 neck or leg injury within the last 3 months 
 an electrical or metallic apparatus inside their body such as a pacemaker 
 any disease involving muscles or bones 
 
What is the project about? What are the questions being addressed? 
This project is investigating the role of the neck in the control of posture.  Particularly, we want to 
focus our attention on how easily and to what extent nerves to the leg muscles are activated in 
response to changing the position of the neck (rather than the head) relative to the body.  
 
To assess activation of nerves to the muscle, we will use a small electrical stimulus or a light 
tapping stimulus that is produced by a spring-loaded hammer.  Both forms of stimulus (the 
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electrical stimulus and the mechanical tap) activate special nerves in your leg that in turn produces a 
reflex calf muscle contraction.  The electrical stimulus will be applied using electrodes that are 
attached to the surface of the back and front of your knee. The light tapping stimulus will be applied 
to your Achilles tendon (which is the tendon located on the back of your ankle) using a rubber 
covered hammer.  We record the reflex muscle contraction using electrodes that are attached to the 
skin overlying the muscles of your calf.   We expect about 10 people to participate in each 
experiment. 
 
If I agree to participate, what will I be required to do? 
Once you decide to be a participant, you will be invited to the RMIT Neuroscience Laboratory 
located at the RMIT Bundoora West campus.  Please make sure that you have read and agreed with 
this plain language statement before you agree to be a participant of this project.  The experiment 
will take about 1 hour including preparation time.  You will first be asked to a complete a consent 
form and a questionnaire before starting the experiment.  After that, we will need to check the range 
of movement of your neck.  
 
We strongly encourage you to notify the investigators if ever you feel uncomfortable during any 
part of the experiment or during the preparation time.  We will either stop the experiment 
immediately or adjust the experiment until you are comfortable and relaxed. 
 
Preparation 
To prepare you for the experiment, we will attach a number of stimulating and recording electrodes 
to your body.  Your leg skin will first be cleaned by an alcohol swab.  Electrodes will be attached 
by an adhesive tape to the skin overlying your neck muscles and the muscles of your right calf.  
These electrodes allow us to measure the activity level of these muscles.   
 
Once the recording electrodes are fitted into place, you will be asked to seat yourself comfortably in 
a custom-built chair with a racing car harness strapped over your shoulders.  The chair is designed 
to be rotated in both directions around the axis of rotation of your neck.  A helmet-frame that is 
designed to fit over your forehead and base of your head will be lowered over your head.  This 
helmet-frame keeps your head steady as your body turns around it; however, you will be able to 
remove your head from this helmet easily if you feel any discomfort. 
 
We will need to measure the reflex contraction of your right calf muscles in response to the 
electrical stimulus delivered by an electrode attached to the back of your knee or mechanical 
stimulus delivered by a spring-loaded hammer.  The duration of each electrical pulse is very short 
(about 1 millisecond).  The electrical pulse excites nerve fibres that in turn produce a muscle 
contraction.  Although you will feel the stimulus, it should not be painful.  The pulse will not affect 
any other body tissues and may be so small that you do not feel the reflex contraction of the muscle.  
 
Before each experiment, we will need to stimulate the nerve at the back of your right knee 
electrically a number of times (about 15 times) to identify the smallest as well as the largest 
stimulus that produces a reflex muscle contraction.  
 
Once we are satisfied that we have a usable and reproducible reflex, you will be asked to sit quietly 
for a few minutes so that you can achieve a state of relaxation.  A blindfold will be fitted over your 
eyes and will remain in place for the duration of the trial of the experiment.  Then the experiment 
will be started. 
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Experiment 
We will ‘condition’ your right calf muscles in all experiments.  To do this, you will be asked to try 
to flex your right ankle joint for approximately 3 seconds as if you are standing on your toes.  This 
will produce a contraction of your calf muscles.  
 
Then the examiner will rotate your neck by turning your body with the seat of chair to either the 
right or left side while your head remains in the straight ahead position.  Once the chair has been 
turned and locked into place, the vibratory stimulus will be applied to the back of your neck for a 
period of approximately 10 seconds.  During this time the electrical stimulus will be given to the 
back of your right knee or mechanical stimulus will be given of your right Achilles tendon.  This 
procedure will be repeated 10 times. 
 
We may like to take a photograph of you to illustrate the experimental set-up for publication 
purposes.  If you are happy to have your photograph taken we will mask your identify by blanking 
your face. 
 
What are the risks or disadvantages associated with participation? 
There are no reported adverse effects associated with a vibratory stimulus applied either to the 
neck. Also this stimulus will only be applied for a short and defined time in this study.  The neck 
vibration also might induce mild dizziness.  If you feel discomfort as a result of this, the 
experiment will be stopped and you will be rested until you feel better.  
 
You will be required to contract your leg muscles.  If you have a tendency towards muscle cramps, 
you may reconsider whether you want to participate in this experiment.  If you choose to participate 
and a muscle cramp occurs, the experiment will be stopped and your muscle cramp will be managed 
using accepted clinical procedures.  
 
The electrical stimuli we use to activate your nerves may cause you discomfort but you should not 
feel any pain.  If you become uncomfortable or distressed as a result of this procedure the 
experiment will be immediately stopped.  
Similarly, if you feel uncomfortableness as a result of tendon tap that is produced by the spring-
loaded hammer, the examiner will stop the experiment.  
 
Furthermore, all electrical equipment including the vibrator will be connected to the mains power 
outlet via a core leakage detector to prevent any electrical accidents. 
 
If you are concerned about your responses to any of the questionnaire items or if you find 
participation in the project distressing, you should contact myself, Hiroshi Sasaki or my supervisors 
Associate Professor Barbara Polus or Dr. Amanda Kimpton as soon as convenient.  We will discuss 
your concerns with you confidentially and suggest appropriate follow-up, if necessary. 
 
What are the benefits associated with participation? 
There is no direct benefit to the participants as a result of their participation. 
 
What will happen to the information I provide? 
We will collect your age, gender, health status and the amplitude of reflex recorded from your leg 
muscles during the different procedures applied to your neck.  This information will be kept 
anonymously at all stages of the research. 
 
Any information that you provide can be disclosed only if (1) it is to protect you or others from 
harm, (2) a court order is produced, or (3) you provide the researchers with written permission. 
 
The research data will be kept securely at RMIT for period of 5 years before being destroyed. 
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What are my rights as a participant? 
You have the rights to: 
5. withdraw your participation at any time without prejudice. 
6. have any unprocessed data withdrawn and destroyed 
 
Whom should I contact if I have any questions? 
If you have any questions regarding the study, you can contact the following . 
 
Investigator: Hiroshi Sasaki (9925-7655) 
Supervisor: Associate professor Barbara Polus (9925-7714) 
Dr. Amanda Kimpton (9925 6547) 
 
You will be reimbursed for your time and travel to the laboratory for $20 per one session. 
 
Yours sincerely 
 
 
Hiroshi Sasaki: B.App.Sc, B.C.Sc 
Dr Barbara Polus: Associate Professor, B.App.Sc(Chiro), MSc, PhD 
Dr Amanda Kimpton: B.App.Sc(Chiro), PhD 
 
Any complaints about your participation in this project may be directed to the Executive Officer, 
RMIT Human Research Ethics Committee, Research & Innovation, RMIT, GPO Box 2476V, 
Melbourne, 3001.    
Details of the complaints procedure are available at:  http://www.rmit.edu.au/rd/hrec_complaints  
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DIVISION OF CHIROPRACTIC 
SCHOOL OF HEALTH SCIENCES 
PH: +61 3 9925 7596, FAX: +61 3 9467 2794 
 
INVITATION TO PARTICIPATE IN A RESEARCH PROJECT 
PROJECT INFORMATION STATEMENT FOR EXPERIMENT 
 
Project Title: 
 
The influence of neck muscle spindles in control of limb motoneuron excitability. 
 
Investigators: 
 
o Hiroshi Sasaki (Chiropractic Science PhD degree student) s2005976@student.rmit.edu.au, 9925 
7655 
o Dr Barbara I Polus (Project Senior Supervisor: Associate Professor, Division of Chiropractic, 
School of Health Science, RMIT University) barbara.polus@rmit.edu.au, 9925 7714 
 
Dear participant… 
 
You are invited to participate in a research project being conducted by RMIT University.  This 
information sheet describes the project in straightforward language, or ‘plain English’.  Please read 
this sheet carefully and be confident that you understand its contents before deciding whether to 
participate.  If you have any questions about the project, please ask one of the investigators.   
 
Who is involved in this research project? Why is it being conducted? 
My name is Hiroshi Sasaki.  I am a research student in the Division of Chiropractic, School of 
Health Science, RMIT University.  This study is conducted as part of my PhD Degree.  This project 
has been approved by the RMIT Human Research Ethics Committee. 
 
Why have you been approached? 
This project requires volunteers who are healthy adults (aged between 18 and 50) and who do not 
have: 
 a history of blood or vascular disease 
 any neurologic problem including that of the brain or any nervous disorder 
 ear disease 
 dizziness or imbalance 
 neck or leg injury within the last 3 months 
 an internal electrical or metallic device e.g. a pacemaker 
 any disease involving muscles or bones 
 
What is the project about? What are the questions being addressed? 
This project is investigating whether neck inputs that arise from neck muscle receptors – called 
‘muscle spindles’ can influence the excitability of nerves that supply your leg muscles. Muscle 
spindles are special sensory receptors located in muscle that detect muscle length. Particularly, we 
want to focus our attention on how changes in neck position ( whether neck is bent or straight – 
which is signalled by muscle spindles) interact with our balance sense. There is an excitatory neural 
pathway originating from our balance sense that activates the leg muscles we use to support 
ourselves against gravity. However, since our balance sense is located in our head, this information 
must be combined with neck signals so that the positional relationship between the body and the 
head is relayed to the brain and it can properly regulate the amount of contraction of the leg muscles 
in different gravitational circumstances and different body postures. Therefore we will investigate 
the effect of a change in sensory signals from neck muscle spindles under different gravitational 
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conditions – e.g. lying, standing, and various degrees of tilt of the body in the relaxed and conscious 
human.  
 
How will we change the sensory system from the neck? 
We will explore the effects of change in neck muscle spindle input on leg muscle excitability using 
a muscle conditioning technique that can alter the sensitivity of muscle spindles to alter the quantity 
of sensory inputs to the brain from the dorsal neck muscles. To examine the relationship between 
neck inputs and our balance sense, we will use static whole body tilt.  To do this, we will use a 
bench that is capable of moving from the horizontal position to the near vertical position. By this 
means, we can combine the inputs from the balance sense and from the neck muscles and then test 
how the sensory signals from the balance sense and neck combine to influence the excitability of 
your leg muscles. 
 
To assess the excitability of the nerves that activate your leg muscles, we will use both a tendon tap 
stimulus and a low intensity electrical stimulus. For the tendon tap stimulus, we will apply a small 
tap to your ankle tendon using a specially designed hammer. The tap that is applied to your ankle 
tendon by this hammer is similar to the tap you may have previously experienced when you 
attended your local Chiropractor / clinician for an examination. The low intensity electrical stimulus 
excites nerves in the back of your knee which in turn, elicit a reflex contraction of your leg muscles. 
This reflex is called the H reflex.  The electrical stimulus will be applied using electrodes that are 
attached to the back and front of your knee. The strength of this stimulus is low. You will feel the 
stimulus- it may feel like someone flicking a rubber band into the back of your knee. However, the 
stimulus should not be painful.  We will also attach small disc electrodes to the skin overlying your 
leg muscles. These electrodes will record the reflex muscle contraction that occurs in response to 
the electrical stimulus or the tendon tap.  We expect about 15 people to participate in each study. 
 
If I agree to participate, what will I be required to do? 
If you decide to be a participant, you will be invited to the School of Health Science Neuroscience 
Laboratory located at the RMIT Bundoora West campus.  Please make sure that you have read and 
agreed with this plain language statement before you agree to be a participant of this project.  The 
experiment will take about 1.5 hours including preparation time.  You will first be asked to sign an 
informed consent form and complete a questionnaire before starting the experiment. The purpose of 
the questionnaire is to learn about your general health. It also enquires about details including your 
age, weight and height. After that, we will check how well your neck moves and whether you feel 
pain with neck motion.  
 
We strongly encourage you to notify the investigators if ever you feel uncomfortable during any 
part of the experiment or during the preparation time.  We will either stop the experiment 
immediately or adjust the experiment until you are comfortable and relaxed. 
 
Preparation 
To prepare you for the experiment, we will attach a number of recording electrodes and 2 
stimulating electrodes to your body. Your neck and leg skin will first be cleaned using a swab 
soaked with alcohol. Electrodes will be attached by adhesive tape to the skin overlying your neck 
muscles and the muscles of your right leg. These electrodes allow us to measure the electrical 
activity level of the muscles of your neck and leg which indicate how strongly your muscles are 
contracting.  The stimulating electrodes will be placed on the back of your knee and the second 
electrode, which is a copper plate electrode, will be attached over your knee cap. 
 
Once the recording electrodes are fitted into place, you will be asked to lie down on the bench 
which can be tilted up from the horizontal to the vertical position. The head piece of the bench can 
also be tilted so that your neck can be moved into the bent forward or bent backwards position – 
only to the extent that is comfortable for you . Your right leg will be supported by a foot plate and a 
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foam wedge will be positioned under your thigh and knee. Your foot will then be strapped gently to 
the footplate by velcro tape. Your body will also be strapped using velcro tape to prevent you from 
slipping down the bench during the head-up tilt procedure. A blindfold will be positioned over your 
eyes to remove visual inputs. 
 
Experiment 
We will need to measure the reflex contraction of your right leg muscles in response to either the 
Achilles tendon tap delivered by the hammer or the electrical stimulus delivered by an electrode 
attached to the back of your knee.  For the electrical stimulus, the duration of each electrical pulse is 
very short (one thousand of a second).  The electrical pulse excites nerve fibres that in turn produce 
a muscle contraction.  Although you will feel the stimulus, it should not be painful.  The pulse will 
not affect any other body tissues and may be so small that you do not feel the reflex contraction of 
the muscle.  
 
Before each experiment, we need to test the strength of the tendon tap so that we can obtain a tap of 
appropriate strength that elicits a reflex contraction of your leg muscles. 
We will also need to electrically stimulate the nerve at the back of your right knee a number of 
times (about 15 times) to identify the smallest as well as the largest stimulus that produces a reflex 
muscle contraction.  
 
Once we are satisfied that we have a usable and reproducible reflex, you will be asked to lie quietly 
on the bench for a few minutes so that you can achieve a state of relaxation.  A blindfold will be 
fitted over your eyes and will remain in place for the duration of the experiment.  
 
We will first ‘condition’ your right leg muscles prior to all experiments.  You will be lying on your 
back on the bench with your knee supported by the foam wedge and your foot strapped to the 
footplate. By passively moving the footplate, we can rotate your foot to simulate you standing on 
your toes or standing on your heels. First we will rotate the footplate (and your foot) to either the 
standing on your toes or standing on your heels position. You will be asked to try to push the ball of 
your foot into the foot plate for approximately 3 seconds as if you are standing on your toes.  This 
will produce a contraction of your leg muscles. You then relax your leg muscles for the rest of the 
trial. Your foot will be passively moved again back to a midline position. It is important to keep the 
muscles of your leg relaxed during this time. Some of the trials will be conducted with you lying 
horizontal on the bench. For other trials, the bench will be tilted up from horizontal to near vertical. 
This is called head-up tilt. The tilt degrees we will use include 30, 60 and almost vertical. During 
tilting we ask you to remain relaxed. The rate of tilt is quite slow so it will be easy for you to adjust 
to the change in angle of your body. Also, you will be gently strapped to the bench to prevent you 
moving. 
 
Next, we need to also condition your neck muscles.  In order to do this, we first move your head to 
the head bent forward or head bent backwards position by lowering or raising the head piece of the 
bench.  Then we ask you to contract your dorsal neck muscles as if trying to look at the wall behind 
you for about 3 seconds.  We then ask you to keep your neck muscles relaxed for the rest of the trial. 
During this relaxation period, your head and neck will be passively returned to the midline position 
by the examiner. At the end of this neck conditioning sequence, the tap or the electrical stimulus 
will be given.  
This same procedure will be repeated approximately 20 to 30 times over the course of the 
experiment which lasts about 1 hour.  
We may like to take a photograph of you to illustrate the experimental set-up for publication 
purposes.  If you are happy to have your photograph taken we will mask your identity by blanking 
out your face. 
 
If it is not possible to complete all procedures in one day, you may be asked to come back again to 
complete the experiment. 
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What are the risks or disadvantages associated with participation? 
You will be required to contract your neck and leg muscles a number of times. If you have a 
tendency towards muscle cramps, you may reconsider whether you want to participate in this 
experiment. If you choose to participate and a muscle cramp occurs, the experiment will be stopped 
and your muscle cramp will be managed using accepted clinical procedures.  
 
You will usually feel the electrical stimulus we use to activate your nerves but you should not feel 
any pain.  If you become uncomfortable or distressed as a result of this procedure the experiment 
will be immediately stopped.  
 
All electrical equipment we use will be connected to the mains power outlet via a core leakage 
detector to prevent any electrical accidents. Also all the equipment we use has been approved for 
use with humans. 
 
If you are concerned about your responses to any of the questionnaire items or if you find 
participation in the project distressing, you should contact me, Hiroshi Sasaki or my supervisor 
Associate Professor Barbara Polus.  We will discuss any concerns with you confidentially and 
suggest appropriate follow-up, if necessary. 
 
What are the benefits associated with participation? 
You will be reimbursed for your time and for travel to the laboratory at the rate of $20 per one 
session. 
 
What will happen to the information I provide? 
We will collect your age, gender, health status and the amplitude of the reflex recorded from your 
leg muscles during the different procedures applied to your neck, body and leg. This information 
will be kept anonymously at all stages of the research.  
 
Any information that you provide can be disclosed only if (1) it is to protect you or others from 
harm, (2) a court order is produced, or (3) you provide the researchers with written permission. 
 
The research data will be kept securely at RMIT for period of 5 years before being destroyed. 
 
What are my rights as a participant? 
You have the right to: 
7. withdraw your participation at any time without prejudice. 
8. have any unprocessed data withdrawn and destroyed. 
 
Whom should I contact if I have any questions? 
If you have any questions regarding this study, you can contact the following. 
 
Investigator: Hiroshi Sasaki (0433671533) 
Supervisor: Associate Professor Barbara Polus (9925-7714) 
 
Yours sincerely 
 
Hiroshi Sasaki: B.App.Sc, B.C.Sc 
Dr Barbara Polus: Associate Professor, B.App.Sc(Chiro), MSc, PhD 
 
Any complaints about your participation in this project may be directed to the Executive Officer, 
RMIT Human Research Ethics Committee, Research & Innovation, RMIT, GPO Box 2476V, 
Melbourne, 3001.    
Details of the complaints procedure are available at:  http://www.rmit.edu.au/rd/hrec_complaints  
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General Health Questionnaire  
Used for a study outlined in Chapter 4 - 8 
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DIVISION OF CHIROPRACTIC 
SCHOOL OF HEALTH SCIENCES 
PH: +61 3 9925 7596  FAX: +61 3 9467 2794 
 
 
Questionnaire 
 
 
Title of the Project 
The influence of neck muscle spindles in control of limb motoneuron excitability 
 
Please answer following, and tick one box  on the check list    Date:      /   / 
  
 
1. ID: 
 
2. Gender:  Male  Female  
 
3. Age: 
 
4. Height:     cm  Weight:  kg 
 
5.   Have you ever had a vascular disease?  
     (such as blood coagulation, vascular disorder, thrombotic infarct and embolization) 
Yes   No  
If you answer ‘Yes’, please specify. 
           
 
6. Have you ever had any muscle or bone disease? 
Yes   No  
If you answer ‘Yes’, please specify. 
           
 
7. Have you ever had a neurologic disease? 
Yes   No  
If you answer ‘Yes’, please specify. 
           
 
8. Do you have any difficulty in walking or climbing stairs? 
Yes   No  
If you answer ‘Yes’, please specify. 
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9. Do you have any pain or loss of sensation in your leg? 
Yes   No  
If you answer ‘Yes’, please specify. 
           
 
10.Do you suffer from light-headedness, dizziness or a loss of balance? 
Yes   No  
If you answer ‘Yes’, please specify. 
           
 
11.Are you currently experiencing pain or tenderness of your neck or leg muscles? 
Yes   No  
If you answer ‘Yes’, please specify. 
           
12.Have you ever had an inner ear disease? (such as vertigo) 
Yes   No  
If you answer ‘Yes’, please specify. 
           
 
13.Do you have pain now? 
Yes   No  
If you answer ‘Yes’, please answer following 
 Which part of the body do you have pain? 
         
 
14.Do you have any history of injury or surgery? 
Yes   No  
If you answer ‘Yes’, please answer following. 
 When did you get injured or have surgery? 
i.  Within 3 months 
ii.  Before 3 months ago 
Please describe which area of your body affected. 
          
 
15. Do you have any metallic objects such as a pacemaker in your body? 
Yes   No  
If you answer ‘Yes’, please specify. 
           
 
16. Do you have diabetes mellitus? 
Yes   No  
If you answer ‘Yes’, please answer following. 
  Have you had any neurologic problem because of this? 
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  Yes   No  
If you answer ‘Yes’, please specify. 
             
 
 
17. Have you ever had a skin irritation? (including allergy for sticky tape) 
Yes   No  
If you answer ‘Yes’, please specify. 
           
 
 
18. Do you suffer from any phobia such as claustrophobia? 
Yes   No  
If you answer ‘Yes’, please specify. 
           
 
19. Do you have any other known conditions which are not included among those questions above? 
Yes   No  
If you answer ‘Yes’, please specify the name of your condition. 
          
 
20. Have you ever had any other known conditions which are not included among those questions 
above? 
Yes   No  
If you answer ‘Yes’, please specify the name of your condition. 
          
 
21. Are you currently taking any medication? 
Yes   No  
If you answer ‘Yes’, please specify. 
           
 
 
 
This is the end of the questionnaire. 
 Thank you. 
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Appendix 6  
Consent Form 
Used for a study outlined  
in Chapter 4 and 5 
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Prescribed Consent Form For Persons Participating In Research Projects 
Involving Tests and/or Medical Procedures and Interviews, Questionnaires or 
Disclosure of Personal Information 
 
 
Portfolio  Science, Engineering and Technology 
School of Health Sciences 
Name of participant: 
 
Project Title: The influence of neck muscle spindle in control of limb motoneuron 
excitability. 
 
 
Name(s) of investigators:        
(1) 
Hiroshi Sasaki Phone: 9925-7655 
                      (2) Associate Professor Barbara Polus Phone: 9925-7714 
(3) Dr. Amanda Kimpton Phone: 9925-6547 
 
1. I have received a statement explaining the tests/procedures and interview/questionnaire involved in 
this project. 
 
2. I consent to participate in the above project, the particulars of which - including details of tests or 
procedures and the interviews or questionnaires - have been explained to me. 
 
3. I authorise the investigator or his or her assistant to use with me the tests or procedures referred to 
in 1 above. 
 
4. I authorise the investigator or his or her assistant to interview me or administer a questionnaire. 
 
5. I acknowledge that: 
 
(a) The possible effects of the tests or procedures have been explained to me to my satisfaction.  
(b) Having read Plain Language Statement, I agree to the general purpose, methods and demands 
of the study. 
(c) I have been informed that I am free to withdraw from the project at any time and to withdraw any 
unprocessed data previously supplied (unless follow-up is needed for safety). 
(d) The project is for the purpose of research and/or teaching.  It may not be of direct benefit to me.  
(e) The privacy of the personal information I provide will be safeguarded and only disclosed where I 
have consented to the disclosure or as required by law.  
(f) The security of the research data is assured during and after completion of the study.  The data 
collected during the study may be published, and a report of the project outcomes will be 
provided to RMIT University.    
       Any information which will identify me will not be used. 
 
 
Participant’s Consent 
 
 
Participant: 
 
 Date:  
(Signature) 
 
 
Witness: 
 
 Date:  
(Signature) 
 
 
Participants should be given a photocopy of this consent form after it has been signed. 
 
 
Any complaints about your participation in this project may be directed to the Executive Officer, 
RMIT Human Research Ethics Committee, Research & Innovation, RMIT, GPO Box 2476V, Melbourne, 
3001.  The telephone number is (03) 9925 2251.   
Details of the complaints procedure are available from the above address.   
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Appendix 7  
Consent Form 
Used for a study outlined  
in Chapter 6 - 8 
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Prescribed Consent Form For Persons Participating In Research Projects 
Involving Tests and/or Medical Procedures and Interviews, Questionnaires or 
Disclosure of Personal Information 
 
 
Portfolio  Science, Engineering and Technology 
School of Health Sciences 
Name of participant: 
 
Project Title: The influence of neck muscle spindle in control of limb motoneuron 
excitability. 
 
 
Name(s) of investigators:        
(1) 
Hiroshi Sasaki Phone: 9925-7655 
                      (2) Associate Professor Barbara Polus Phone: 9925-7714 
    
 
6. I have received a statement explaining the tests/procedures and interview/questionnaire involved in 
this project. 
7. I consent to participate in the above project, the particulars of which - including details of tests or 
procedures and the interviews or questionnaires - have been explained to me. 
8. I authorise the investigator or his or her assistant to use with me the tests or procedures referred to 
in 1 above. 
9. I authorise the investigator or his or her assistant to interview me or administer a questionnaire 
10. I acknowledge that: 
 
(g) The possible effects of the tests or procedures have been explained to me to my satisfaction.  
(h) Having read Plain Language Statement, I agree to the general purpose, methods and demands 
of the study. 
(i) I have been informed that I am free to withdraw from the project at any time and to withdraw any 
unprocessed data previously supplied (unless follow-up is needed for safety). 
(j) The project is for the purpose of research and/or teaching.  It may not be of direct benefit to me.  
(k) The privacy of the personal information I provide will be safeguarded and only disclosed where I 
have consented to the disclosure or as required by law.  
(l) The security of the research data is assured during and after completion of the study.  The data 
collected during the study may be published, and a report of the project outcomes will be 
provided to RMIT University.    
       Any information which will identify me will not be used. 
Participant’s Consent 
 
 
Participan
t: 
 
 Dat
e: 
 
(Signature) 
 
 
Witness: 
 
 Dat
e: 
 
(Signature) 
 
 
Participants should be given a photocopy of this consent form after it has been signed. 
 
 
Any complaints about your participation in this project may be directed to the Executive Officer, 
RMIT Human Research Ethics Committee, Research & Innovation, RMIT, GPO Box 2476V, Melbourne, 
3001.  The telephone number is (03) 9925 2251.   
Details of the complaints procedure are available from the above address.   
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Appendix 8  
Scale of Head Movement Illusion 
Used for a study outlined  
in Chapter 5 and 6 
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Appendix 9  
Application for Ethics Approval 
Used for a study outlined  
in Chapter 4 - 7 
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Application for Ethics Approval of a Project Involving Human Participants 
 
 
No handwritten applications can be accepted.  This form is available from: http://www.rmit.edu.au/rd/hrec 
Section A: Approvals and Declarations   Project No: 
 
 
Project Title:  
The influence of neck muscle spindles in control of limb motoneuron excitability 
 
 
Research Degree 
 
Staff Research Project 
 
Complete this column if you are undertaking 
research for a research degree at RMIT or 
another university (Masters by Research/PhD) 
Complete this column if your research is not 
for any degree. 
Investigator Principal investigator 
Name: 
Hiroshi Sasaki 
(family name to be underlined) 
Name: 
 
Student No:  
2005976J 
Qualifications: 
Qualifications 
B.C.Sc, B.App.Sc, RMIT University Chiropractic 
Unit Japan (Japan) 
School: 
 
School: 
Division of Chiropractic 
School of Health Science 
Phone: 
 
Address: 
9 O’connell Street Kingsbury VIC 3083 
Email: 
Phone: 
0433671533 
 
 
Email   
s2005976@student.rmit.edu.au 
 
 
Degree for which Research is being undertaken: 
Master of Chiropractic Science by Research 
 
Senior Supervisor Secondary Supervisor 
Name: 
Associate Professor Barbara Polus 
Name/s: 
Dr. Amanda Kimpton 
Qualifications: 
BappSc(Chiropractic), MSc, PhD 
Qualifications: 
BappSc(Chiropractic), PhD 
School: 
Division of Chiropractic 
School of Health Science 
School: 
Division of Chiropractic 
School of Health Science 
Phone: +(61 3) 9925 7714 
Email: barbara.polus@rmit.edu.au 
Phone: +(61 3) 9925 6547 
Email: amanda.kimpton@rmit.edu.au 
 
Add additional rows as required for additional co-investigators. 
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Declaration by the Investigator/s: 
I/We have read the current NH&MRC National Statement on Ethical Conduct in Research Involving Humans 
1999, and accept responsibility for the conduct of the research detailed in this application in accordance with 
the principles contained in the National Statement and any other conditions laid down by the RMIT Human 
Research Ethics Committee. 
Name: 
 
 Date:  
(Signature of Principal Investigator) 
 
 
Name: 
 
 Date:  
(Signature of senior supervisor if applicable) 
 
Name: 
 
 Date:  
(Signature of second supervisor if applicable) 
 
Declaration by the Head of School: 
 
The project set out in the attached application, including the adequacy of its research design and compliance 
with recognised ethical standards, has the approval of the School. I certify that I am prepared to have this 
project undertaken in my School/Centre/Unit. 
 
 
Name:  
 
Date:  
(Signature of Head of School or approved delegate) 
 
School/Centre: 
 
 Extn:  
 
Please set out the details of your proposed project according to the headings given below    
 
Investigators are advised to include with their application sufficient detail about the project (including discussion of the 
expected benefits relative to the risk to participants), recruitment method and procedures for obtaining informed consent, 
to enable the Committee to evaluate the proposal for conformity with the principles set out in the NHMRC National 
Statement.   
 
Refer to Notes to assist in completing the HREC Form 1 for further details on completing these Sections. 
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Section B: Project particulars 
 
B1. Title of Project:  
 
The influence of neck muscle spindles in control of limb motoneuron excitability. 
 
B2. Project description: for HREC assessment of ethical issues. (Research aim/s, Background, 
Research Method, End points, Statistical aspects) 
 
Research aim and Back ground 
The main aim of this study is to investigate whether neck muscle spindles do contribute to 
the excitability of motoneurons of lower limbs. 
Body balance is maintained by the CNS receiving sensory information and modifying 
extensor muscle tone through adjusting motor outputs. The clinical literature suggests that 
changes in neck sensory inputs such as increased activity of pain fibres into the central 
nervous system (CNS) may be associated with disturbances in postural stability. For 
instance, patients with whiplash who also experience neck pain tend to 
overbalance(Branstrom et al., 2001, Mallinson et al., 1996). Furthermore, McPartland et al. 
showed that patients with chronic neck pain had poorer balance than asymptomatic subjects 
(McPartland et al., 1997). With respect to these studies, there is also evidence demonstrating 
that when a pain-producing chemical substance is injected into neck structures in an animal 
model that this is associated with an increase the activity of muscle spindles of 
neck(Thunberg et al., 2001, Pedersen et al., 1997). 
 
There is also evidence demonstrating that a distortion of neck sensory inputs such as occurs 
when a vibratory stimulus is applied to the neck- which can alter the firing rate of neck 
muscle spindles, causes a disturbance in the amount of muscle activation of lower limb 
muscles that contract to support the upright posture (Rossi et al., 1985, Andersson and 
Magnusson, 2002) 
These studies imply that the muscle spindles in neck muscles have an important role for 
postural control regulation. Therefore, muscle spindles might mediate the relationship 
between mechanical disturbances of the neck and maintenance of posture.  
In this study, we will employ a muscle conditioning technique that alters the mechanical 
sensitivity of the muscle spindles of the back of the neck immediately prior to eliciting the 
H-reflex on the lower limb to investigate the excitability of lower limb motoneurons. 
 
Research method 
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Prior to the commencement of the experiments range of motion, vertebro-basilar test will be 
conducted to determine whether there are any contraindications to the  participant partaking 
in the experiments. Range of motion will screen for any problems of the neck in particular, 
muscle and joint. It is evaluated by requesting the participant to rotate and laterally flex 
his/her neck voluntarily to both the right and left side as well as flexion and extension of the 
neck. If the participant expresses any pain or discomfort or significant limitation of 
movement during testing he/she will be excluded from this study. Vertebrobasilar testing 
will examine whether the participant’s vertebral artery has any problems namely vascular 
insufficiency. The vertebrobasilar test to be utilised in this study is Maignes test. The 
examiner passively places the participant’s head into extension and rotation. This position is 
held for 30 seconds on each side. A positive test is if the participant expresses any 
symptoms such as dizziness, nausea, blurred vision, or eye nystagmus. A positive result will 
exclude the participant from this study.  
 
Participants will be asked to sit down on a custom-designed seat which can be rotated 
around a vertical rotational axis of the neck in 10 degree increments up to 40 degrees. The 
participant’s body remains fixed on the seat. During this movement the head remains in a 
straight ahead position by means of a helmet frame which is gently secured around the 
participants head. This helmet frame discourages but does not prevent head movement. The 
head will be retained in the centre of the axis of body rotation as well as possible by the 
helmet frame to eliminate afferent input from the inner ear (vestibular apparatus) which 
might impact on the change in lower limb motoneuron excitability induced by this change in 
neck position. Both knees will be flexed about 60 degrees with respect to the maximal 
extension position of the knee and the feet will be placed on foot plates which can be 
adjusted to a comfortable degree of ankle of rotation for each participant. The right foot will 
be fixed to the footplate by means of Velcro bands to prevent foot movement during the 
experiment. 
   
The aim of our study is to examine whether a change in sensory input from neck muscles 
(neck muscle spindle afferent input) is capable of altering the excitability of lower limb 
motor nerves and therefore the extent of contraction of lower limb muscles that are used to 
support the upright posture against the force of gravity. We intend to systematically alter the 
amount of neck muscle spindle afferent input into the CNS by using a muscle conditioning 
technique originally developed by Gregory et al.(Gregory et al., 1988) (Gregory et al., 1986) 
The muscle conditioning technique will be applied to the right neck rotator muscles while 
the neck and body is held at different body angles with the head maintained in a straight 
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ahead position. The different start and end points of body rotation constitute the different 
experiments of this project.  
A blindfold will be fitted over the participants’ eyes and will remain in place for the duration 
of the trial of the experiment. 
Muscle conditioning of the neck muscles is produced in the following way. First the 
examiner rotates the chair to a predetermined angle - this may be between 10 and 40 degrees 
body rotation depending on the experiment. Next, the examiner asks the participant to 
contract his/her neck muscles against the examiner’s resistance. This is achieved by placing 
the examiner’s hands around the right jaw and cheek of the participant and asking the 
participant to try and turn his/her head to the right against the examiner’s applied resistance. 
Because the examiner is applying resistance against the participant’s attempt to turn their 
head to the right side, the examiner is able to adjust the amount of resistance applied so as 
not to overpower and potentially injure the participant’s neck muscles. This resistive 
contraction is maintained for about 3 seconds. The intensity of the neck muscle contraction 
should be no more than 40% of the maximal voluntary contraction (MVC) of the neck 
muscles of the participant. At the completion of the contraction period (3 seconds) the 
participant will be asked to remain as relaxed as possible, allowing their head to be 
supported by the helmet frame. After a further 5 seconds the body is rotated back to the test 
position. At this time, lower limb motoneuron excitability is tested using the Hoffmann 
reflex. The status of the neck muscles will be monitored during the experiment using an 
oscilloscope (that allows us to observe the electrical activity of the neck muscles) by the 
examiner to confirm the relaxation state of the neck muscles.   
Each starting position and degree of rotation during the muscle conditioning procedure will 
depend on the experiment. By this means, we can alter the information received by the CNS 
about muscle length which will be different to the actual neck muscle length and inputs from 
other receptors, for instance cutaneous and joint receptors. In this way we are able to create 
an illusion of neck rotation in a specific direction when there actually has been no or a 
different degree of neck rotation. 
 
To observe the excitability of lower limb motoneuron, we will elicit the Hoffman (H) reflex. 
In order to elicit this reflex, a constant current electrical stimulus is delivered percutaneously 
to the tibial nerve. The electrical stimulus preferentially excites spindle afferent fibres of the 
triceps surae (TS) muscles. Excitation of these fibres in turn induces a reflex contraction of 
the TS muscles. The size of the reflex contraction, recorded by measuring the electrical 
activity of the TS muscles using surface electromyography gives a measure of the degree of 
TS motoneuron excitability. When conditions both within the TS muscle and of the CNS are 
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relatively constant, the size of the reflex contraction should also remain constant. In this way, 
we will be able to determine whether a change in neck muscle spindle input is capable of 
altering lower limb motoneuron excitability. The electrical stimulus will be delivered to the 
tibial nerve using the Digitimer constant current stimulator (model DS7A). This stimulator is 
approved for use with humans. The electrical stimulus will be delivered to the right tibial 
nerve percutaneously. A cathode electrode (BLUE SENSOR electrode DK-3650φlstykke, 
Ambu, Denmark) will be placed in the right popliteal fossa, and copper plate sized 5x9.5cm 
will be used as the anode. This will be positioned over the right anterior thigh above the 
patella (knee cap) by means of gel (Aquasonic100 Ultrasound Transmission Gel, PERKER 
LABORATORIES, INC. U.S.A.) and sticky tape. The electrical activity of the TS muscles 
will be measured using surface electromyography (SEMG). In order to record the SEMG of 
the TS, the skin will be cleaned to remove oil and dirt using a swab soaked in 70% alcohol. 
Skin electrodes will be attached over the muscle belly of the right TS and a copper plate will 
be attached to the muscle belly of TS (above the 2 recording electrodes) which acts as the 
earth electrode. The H reflex recorded by the SEMG consists of two waves, called the H 
reflex and the M wave. The H reflex represents the reflex muscle activity that occurs in 
response to excitation of the spindle afferent nerves by the constant current electrical 
stimulus. The M wave is the electrical activity associated with the muscle contraction that 
occurs because the electrical stimulus also directly activates motor nerves that travel directly 
to the muscle. So the M wave is see first, and the H reflex (wave) occurs some 30 
milliseconds later.  At very low stimulus intensities, only the H reflex is seen. As the 
stimulus intensity is increased, the M wave is seen and continues to grow as stimulus 
intensity is progressively increased. The H reflex also rises, but it declines progressively as 
stimulus intensity is increased. The change in size of the H reflex follows a bell curve shape. 
This characteristic change in size of the H reflex and M wave needs to be determined for 
each participant. Therefore so called “stimulus growth” curves need to be constructed for 
each participant. In this way we are able to adjust the intensity of the electrical stimulus to 
elicit 30-40% of H-max wave. At this stimulus intensity, the m wave should also be present. 
It is essential that the M wave is always observed because this is an indicator that stimulus 
conditions remain constant for each trial of the experiment. Any change in H reflex size can 
then be attributed to the change in neck spindle afferent inputs.  
 
It is imperative that the condition of the TS is kept constant during all experiments. In order 
to achieve this, the TS will be conditioned in the same manner as were the neck muscles. 
The length and activation history for the TS muscles contributes to the amplitude of H-
reflex(Gregory et al., 1991); therefore muscle conditioning will be used to maintain TS 
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muscle spindles in a defined state. The right foot will be held by Velcro band in defined 
angle.  The participant will be asked to flex his/her foot joint as if they are standing on their 
toes. The contraction of the TS against resistance force is kept for 3 seconds, then 
participant will be asked to remain his/her foot joint as relaxed as possible until the 
experiment will be finished.   
 
The second series of experiments will use a vibratory stimulus applied to the dorsal neck 
muscles rather than neck muscle conditioning in order to activate neck muscle spindles. In 
these experiments, the test position of the body relative to the head will be the same as in the 
muscle conditioning experiments. However, instead of muscle conditioning a vibratory 
stimulus will be applied. The duration of the vibratory stimulus will be in the order of no 
more than 30 seconds for each trial. 
 
The vibrator has been custom built and is a columnar shaped electric vibrator (7.7cmx9cm2, 
Scientific Concept). The vibration frequency is adjustable between 40 and 120 Hz. A 
vibration frequency of 80Hz will be used in our experiments applied over the dorsal region 
of neck to stimulate dorsal neck muscle spindles. This apparatus will be attached by an 
elastic band to a head holder so that the dorsal neck muscles can receive this stimulus 
directly.  
   In all experiments, the data of H-reflex will be recorded by a PowerLab/8sp and BIO Amp 
(ADInstruments Pty Ltd, Australia) data acquisition system and the amplitudes of the H-
reflex will be analysed by ScopeTM3 Version 3.7.7 (Copyright © ADInstruments) off-line. 
All electrical equipment will be connected to the main power outlet via a core leakage 
detector. 
 
End points, Statistical aspects 
The end point of this study is the amplitude of H-reflex after both the muscle conditioning 
procedures and application of vibratory stimulus to the neck. Then the H reflex amplitude of 
pre and post condition will be compared. Data will be analysed using t-test and repeated 
measure ANOVA.   
 
Equipment & Preparation 
1. Participant will be asked to complete the consent form and the questionnaire. 
2. Range of motion of the participant’s neck will be performed including flexion, 
extension, lateral flexion and rotation.   
4. Vertebrobasilar test – Maignes test will be conducted.   
5.  Participant sits comfortably in the custom-built chair 
6.  Prepare skin (neck, calf and around knee) with 70% alcohol 
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7.  Attach recording and stimulating electrodes (neck, calf and around knee) 
8.  Turn on stimulator 
9. Condition the TS muscles 
10.  Construct H-reflex curve (stimulus-growth curve) 
11.  Estimate 40% of intensity of stimulus which evokes the H-max   
 
 
Experiment 1 
1. Rest 5minutes 
2, Rotate the body to 30 or 10 degree 
3. Condition the TS muscles 
4. Contract right side neck rotator (muscle conditioning) 
5. Rotate the body to 20 degree 
6. Evoke H-reflex 
7. Rest 2 mins 
8. Rotate the body to 10 or 30 degree 
9. Condition the TS muscles 
10. Contract right side neck rotator (muscle conditioning) 
11. Rotate the body to 20 degree 
12. Evoke H-reflex 
13. Rest 2 mins 
14. Repeat 2-13 steps 5 times. These procedures in different degree will be randomised.   
 
 
Experiment 2, 3 
1. Rest 5mins at 0 degree 
2. Rotate the body to -30, -20, -10, 10, 20, 30 degree 
3. Condition the TS muscles 
4. Contract right side neck rotator (muscle conditioning) 
5. Rotate the body to 0 degree 
6. Evoke H-reflex 
7. Rest 2mins 
8. Repeat 2-6 procedures 3 more times at different degree. These procedures in different 
degree will be randomised. 
 
Experiment 4 
1. Attach the vibrator on right side of the neck 
2. Rest 2mins 
3. Condition the TS muscles 
4. Turn on the vibrator 
5. Evoke H-reflex 
6. Turn off the vibrator 
7. Attach the vibrator on left side of the neck 
8. Rest 2mins 
9. Condition the TS muscles 
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10. Turn on the vibrator  
11. Evoke H-reflex 
12. Turn off the vibrator 
13. Rest 2 mins 
14. Repeat 3-13 steps 5 times.  
 
 
Experiment 5 
1. Attach the vibrator on right side of the neck 
2. Rest 2mins 
3. Condition the TS muscles 
4. Rotate the body to 30 degree 
5. Apply the vibratory stimulus 
6. Evoke H-reflex 
7. Rotate the body to 0 degree 
8. Attach the vibrator on left side of the neck 
9. Rest 2mins 
10. Condition the TS muscles 
11. Rotate the body to -30 degree 
12. Apply the vibratory stimulus 
13. Evoke H-reflex 
14. Rotate the body to 0 degree 
15. Rest 2 mins 
16. Repeat 3-13 steps 5 times 
 
B3. Proposed commencement of project 
 
After HREC approval 
 
B4. Proposed duration of project; proposed finish date. 
 
Duration: 18 months 
Finish Date: February 2008 
 
B5. Source of funding (internal and/or external) 
 
Internal 
 
B6. Project grant title; proposed duration of grant (where applicable) 
 
N/A 
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Section C: Details of participants 
 
C1. Number, type, age range, any special characteristics of participants and 
inclusion/exclusion criteria. 
 
Number: Total 50 subjects 
Type: Healthy adult human 
Gender: Both 
Age: 18-40 years old 
 
Exclusion:  
-No history of blood coagulation, vascular disorder, thrombotic infarct   
 and embolization 
-No history of the injury of neck or foot within 3months 
-No history of neurologic problem including central nervous disorder 
-No history of ear disease 
-No history of the musculoskeletal disorder  
-No history of the vestibular disorder such as vertigo 
-No pain or tenderness of the neck muscles and TS muscles 
-No history of diabetes mellitus 
-No electrophobia, algophobia and merinthophobia  
-No pacemaker user 
-No electrical or metallic apparatus inside of the body 
-No skin irritation or no tendency of skin irritation (including allergy for the tape)  
Participants will be required listed following 
-Do not sleep during experiment. 
-Notify the examiner whenever you feel uncomfortableness or aberrance during the 
experiment. 
-Keep relaxed state unless advised. 
-Contract the appropriate muscles as instructed. 
 
C2. Source of participants (attach written permission where appropriate) 
 
Students and staff of RMIT University 
 
C3. Means by which participants are to be recruited 
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Advertisement for students in University or acquaintances 
 
Please see attached documents. 
 
C4. Are any of the participants "vulnerable" or in a dependent relationship with any of the 
investigators, particularly those involved in recruiting for or conducting the project? 
 
Yes, because Associate Professor Barbara Polus and Dr. Amanda Kimpton are lecturer of 
some potential participants. So they will not be involved in recruitment process. 
 
C5 Are you seeking to recruit Aboriginal and Torres Straits Islanders to this investigation? 
 
No. 
 
C6 If “Yes”, have you taken account of the requirements in NH&MRC, Values and Ethics - Guidelines for 
Ethical Conduct in Aboriginal and Torres Strait Islander Health Research, June 2003, when 
designing your research?  Describe how: 
 
Section D: Risk classification and estimation of potential risk to participants 
 
D1. Please identify the risk classification for your project by assessing the level of risk to 
participants or (if any) to the researcher. 
 
Level 3 
 
D2. If you believe the project should be classified level 2 or level 1 please explain why you 
believe there are minimal risks to the participants. 
 
 
OR  
 
If you believe the project is classified level 3 please identify all potential risks to participants 
associated with the proposed research.  Please explain how you intend to protect participants 
against or minimize these risks. 
 
 
H-reflex: 
In all experiments, we will use electrical stimulus to evoke the H-reflex. This stimulus is 
delivered percutaneously to the tibial nerve. The electrical stimulus preferentially excites 
spindle afferent fibres of the triceps surae (TS) muscles. 
The participant will feel the electrical stimulus but it should not cause pain. This electrical 
stimulus does not excite those nerve fibres that carry pain as the pain fibres are very small 
and are not sensitive to this type of electrical stimulus. The pulse will not affect any other 
body tissues and may be so small that the participant does not feel the reflex contraction of 
the muscle. The electrical stimuli will evoke muscle activity and there is a possibility that 
the participant might feel muscle tiredness after a number of stimuli. To minimize this, the 
maximum number of electrical stimuli for each experiment will be 30 and the duration of 
each stimulus will be set about 1 millisecond. Also the intensity of the stimulus will be 
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adjusted about 1 to 80mA.  If any muscle cramps occur during or after the experiment and 
the procedure will be stopped and the participant’s muscle cramp will be managed using 
accepted clinical procedures. All of the investigators are chiropractors and appropriate 
follow-up for the muscle cramps will be recommended. 
The electric stimulator is connected to the main power outlet via a core leakage detector to 
counter any variation in the mains electricity supply.  
 
 
 
Muscle conditioning: 
Prior to delivery of the electrical stimulus participant will be instructed to contract his/her 
TS muscles and neck muscles to condition. A number of muscle contractions for the muscle 
conditioning might induce a tiredness of TS and neck muscles. To minimize this we will set 
out the number of times of muscle conditionings at a maximum of 30 times for each 
experiment. The intensity of the contraction should be controlled to be about 40% of 
maximal voluntary contraction.  Furthermore we will exclude any participant who has pain 
or problems in the neck or leg using the questionnaire and as previously described further 
tests such as range of motion and vertebrobasilar tests.  
If any muscle cramps occur during the experiment it will be stopped immediately and the 
participant’s muscle cramp managed using accepted clinical procedures. Appropriate 
follow-up for the muscle cramps will be recommended. The participant will be checked 
within 24 hours and treatment or referral offered by Associate Professor Barbara Polus is 
registered chiropractic practitioner within the state of Victoria if necessary..  
 
Vibration: 
In 4th and 5th experiment, we will use vibratory stimulus to the dorsal neck muscle because 
this stimulus can elicit muscle spindle activity. Even though the vibration of the neck 
muscles is considered also as safe treatment tool of the spatial neglect (Schindler et al., 
2002), there are some risks that we have to aware. The negative effect of vibration can be 
seen in the hand-arm vibration syndrome (HAVS). This is often described as peripheral 
vascular diseases such as white finger syndrome. In Krajnak’s study, he represents that an 
exposure to vibration adjusted 4hours, 125Hz persistent increase in alpha2c-adrenoceptor 
mediated vasoconstriction which may contribute to the pathogenesis of vibration-induced 
vascular disease(Krajnak et al., 2006). According to Goglia, the severity of the biological 
effects of hand-transmitted vibration is influenced by the frequency of vibration, magnitude 
and the duration of exposure, the position of the arm, and so on. This study shows that 10% 
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of workers are exposed to a risk of white finger after 3 or 4 years working 8 hours per 
day(Goglia et al., 2006).  Not only these study but also many studies which look at HAVS 
use stronger intensity of vibration or much longer period of exposure than my study(Astrom 
et al., 2006, Thompson and House, 2006), Furthermore, there are no reported adverse effects 
associated with a vibratory stimulus applied either to the neck or even when a vibratory 
stimulus is applied to the forearm where a major forearm blood vessel travels very close to 
the skin. Therefore, there are very low risks in terms of vibratory effects in this study. It 
seems that minimising the duration of the exposure is required as well as possible by way of 
caution.  
Moreover, we have to exclude the participants who have disorder of blood coagulation or 
vascular disorder by use of the questionnaire because vibration stimuli might induce 
thrombotic infarct. In terms of morphology, however, vibration does not appear to cause 
structural injury to vascular cell in animal(Krajnak et al., 2006). 
To minimize the duration of exposure, we will turn vibration on 5 seconds before the H-
reflex. After that, it will be stopped immediately. 
 
Neck Rotation: 
If the participant has a structural problem of his/her neck or problems with vascular 
sufficiency, a neck rotation might induce faint or dizziness due to compression of neck 
arteries. To exclude those participants a Maignes test will be conducted. Maignes test is 
applied by the investigator placing the participant’s head into extension and rotation. This 
position is held for 30 seconds on both right and left side. The positive signs are any 
symptoms such as dizziness, nausea, blurred vision, or eye nystagmus. A positive test is if 
the participant expresses any symptoms such as dizziness, nausea, blurred vision, or eye 
nystagmus. A positive result will exclude the participant from this study.  
 
 
 
Electrode attachment: 
To minimize the risk for the skin rash, we will exclude the participant who has any 
experience of allergy or sensitivity for a sticky tape or any adhesive using the questionnaire. 
 
D3. Please explain how the potential benefits to the participant or contributions to the 
general body   of knowledge outweigh the risks. 
 
Afferents from the neck combine with those from the head and the rest of the body to allow 
central nervous system (CNS) to determine body position and dynamics in space and respond to 
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gravity. In other words, if there is damage to neck structures resulting to the aberrant of neck 
sensory inputs to central nervous system, it may lead to a disturbance of information necessary 
for optimum control of posture even if the sensory inputs from head and rest of body are correct. 
This aspect may be expressed as disturbance in balance or dizziness in patients who suffer from 
neck injury such as whiplash. Actually, in support of this, there are some studies which suggest 
that patients with whiplash who also experience neck pain have imbalance of maintaining 
posture or dizziness.(Branstrom et al., 2001, Mallinson et al., 1996) 
Even though some studies have shown the changes of motoneuron excitability with respect to 
simulated neck rotation(Rossi et al., 1987, Traccis et al., 1987), their studies did not specify 
which receptor is the most conducive candidate. We consider neck muscle spindles as important 
contributors to changing the motoneuron pool excitability of lower limb. Therefore, this study 
will investigate whether neck muscle spindles can affect postural control. 
The understanding of motor control will help the stability of the posture for not only people 
who have postural imbalance but also athletes such as who want to improve their performance 
and motor skills. Hence, this study may have potential for clinical applications relative to the 
role of the neck in the control and regulation of posture. And if we can improve stabilization of 
the posture, it will contribute to the prevention of falling, economization of medical costs for 
injury which results from falling, and improvement of quality of life for people who have 
postural imbalance. 
 
D4. Contingency planning: first aid / debriefing 
 
Any feeling of pain and uncomfortableness must be notified the examiner immediately. 
Muscle contraction and electrical stimuli of TS might induce cramp of the muscles. If this 
occurred, the procedure will be paused once and the subject will be rested until the pain 
released and contraction relaxed. All of the investigators are chiropractors, and we will 
suggest appropriate follow-up for the muscle cramps. 
In cases of serious problems the experiment will be terminated and the examiner will notify 
in writing. The participant will be checked within 24 hours and treatment or referral will be 
offered if necessary by Associate Professor Barbara Polus who is a registered chiropractic 
practitioner within the state of Victoria. 
 
D5 Adverse Events: Are procedures in place to manage, monitor and report adverse and/or 
unforeseen events that may be associated with your research?  Give details:  
 
Caused by Major Events Minor Events 
Electrical Stimulus Electrification: 
Even though the electrical stimulus 
Muscle discomfort: 
The electrical stimulus travels 
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will be adjusted 1 millisecond at low 
intensity, the accidents such as 
thunderbolt might induce unforeseen 
events. To prevent this, the electric 
stimulator must be connected to the 
main power outlet via a core leakage 
detector. However, if electrification 
did occur the participant would be 
sent to hospital as soon as possible 
and the ethics committee and 
supervisors informed of the incident.  
 
 
through the Tibial nerve and induces 
a contraction of TS involuntarily.  
Therefore, the participant might feel 
muscle tiredness after numbers of 
stimulus. Muscle contraction and 
electrical stimuli of TS might 
induce cramp of the muscles. If 
this occurred, the procedure will 
be paused once and the subject 
will be rested until the pain 
released and contraction relaxed. 
If the muscle cramp continues the 
experiment will be terminated. 
Muscle Contraction Serious muscle pain: 
If the intensity of muscle contraction 
is too strong, or the muscle had any 
problem subliminally, a serious 
muscle pain associated by muscle 
cramp might be induced. 
To prevent this, we exclude the 
participant who has muscle pain or 
any problem about muscle contraction 
in the questionnaire. Moreover we 
will control the intensity of the muscle 
contraction in the experiment.  
If a serious muscle pain occurs, the 
procedure will be stopped and the 
subject will be rested until the pain 
released and contraction relaxed. Also 
the participant will be checked within 
24 hours and treatment or referral 
offered if necessary by Associate 
Professor Barbara Polus who is 
registered chiropractic practitioner in 
the state of Victoria. 
 
Muscle discomfort: 
A number of voluntary contractions 
of neck and leg muscles might 
induce muscle tiredness. Muscle 
contraction and electrical stimuli of 
TS might induce cramp of the 
muscles. If this occurred, the 
procedure will be paused once and 
the subject will be rested until the 
pain released and contraction 
relaxed. 
Vibratory Stimulus of the 
neck 
Vascular constriction: 
It is known that prolonged vibration 
that applied over a period of hours 
when applied to the hand may cause 
damage or constriction of finger blood 
vessels which are located very close to 
the skin. 
Moreover the size of the vibratory 
stimulus used in previous studies is 
larger in amplitude, lower in 
frequency and much longer in 
duration than what will be applied in 
this study. 
There are no reported adverse effects 
associated with a vibratory stimulus 
applied either to the neck or even 
when a vibratory stimulus is applied 
to the forearm where a major forearm 
blood vessel travels very close to the 
skin. Therefore we consider that it is 
very unlikely that this stimulus would 
cause damage or constriction of finger 
Dizziness or illusion: 
The participants might feel mild 
dizziness when a vibratory stimulus 
is applied on their neck because the 
excitation of the neck muscle 
spindle activates the vestibular 
system strongly which maintains the 
balance mechanism of human body.  
If the participant does feel 
discomfort the experimental 
procedure will be stopped 
immediately. The participant will be 
rested in a relaxed state until he/she 
feels better. 
 
Itchiness: 
The vibration might also stimulate 
the cutaneous receptors slightly. 
This results in the itchiness of the 
neck. 
The participant will be advised that 
if they feel itchiness to notify the 
315 
blood vessels. The participant will be 
advised that if they feel any pain or 
discomfort to notify the examiner and 
then the experiment will be stopped 
immediately. 
 
 
 
 
examiner and then the experiment 
will be stopped immediately. 
This feeling will disappear as soon 
as we stop the vibratory stimulus. 
 
Neck Rotation Vertebral artery compression 
syndrome: 
The examiner will test any vascular 
insufficiency of the vertebral artery by 
using Maignes test. If the participant 
expressed any positive signs with this 
test, he/she will be excluded from this 
study.  
 
Serious neck pain: 
If the participant has any problems of 
neck joints or muscles neck pain this 
may be induced by neck rotation. 
Any participant who has neck pain 
will be excluded from the experiment 
(information obtained from the 
questionnaire). 
Furthermore we will examine the 
function of the neck by observing the 
range of motion of the neck. 
If a serious muscle pain occurs during 
the experiment, the procedure will be 
stopped and the subject will be rested 
until the pain released and contraction 
relaxed. Also the participant will be 
checked within 24 hours and 
treatment or referral offered by 
Associate Professor Barbara Polus 
who is registered chiropractic 
practitioner within the state of 
Victoria if necessary. 
Neck Pain: 
If the participant has a problem in 
the neck joint or soft tissue, a neck 
rotation might induce a neck pain. 
To prevent this factor, we will 
examine the function of their neck 
rotation before the examination by 
observing the range of motion of the 
neck. By means of this test, we can 
avoid most of possibility that any 
neck pain induced by neck rotation. 
However, if it happens during the 
experiment, we will stop the 
procedure and the subject will be 
rested until the pain released. The 
participant will be checked within 
24 hours and treatment or referral 
offered if necessary by Associate 
Professor Barbara Polus who is 
registered chiropractic practitioner 
within the state of Victoria if 
necessary. 
Electrode Attachment  Skin rash: 
The adhesive of the electrode, sticky 
tape and electrical transmission gel 
might induce skin rash if the 
participant is sensitive to the 
adhesive tape and/or gel.  
If the participant has any discomfort 
during the course of the experiment 
then the experiment will cease 
immediately. If the participant does 
develop a skin sensitivity the 
principal investigator will monitor 
the condition and if necessary, 
notify the senior and second 
supervisor as well as RMIT Human 
Research Ethics Committee.  
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D6. Please complete this checklist by placing Y (Yes) or N (No) and give details of any other 
ethical issues that may be associated with this project.   
 Yes No 
a Is deception to be used?  
   
  
b Does the data collection process involve access to personal or 
sensitive data without the prior consent of participants?  
  
c Will participants have pictures taken of them eg, photographs, video 
recording, radiography?  
  
d Will participants come into contact with any equipment which uses 
an electrical supply in any form eg, audiometer, biofeedback, 
electrical stimulation, etc?  
  
e If interviews are to be conducted will they be tape-recorded? 
 
  
f Do you plan to use an interpreter?   
g Will participants be asked to commit any acts which might diminish 
self-esteem or cause them to experience embarrassment or regret? 
  
h Are any items to be taken internally (orally or intravenously)?    
i Will any treatment be used with potentially unpleasant or harmful 
side effects? 
 
  
j Does the research involve a fertilised human ovum? 
 
  
k Does the research involve any stimuli, tasks, investigations or 
procedures which may be experienced by participants as stressful, 
noxious, aversive or unpleasant during or after the research 
procedures? 
  
l Will the research involve the use of no-treatment or placebo control 
conditions? 
 
  
m Will any samples of body fluid or body tissue be required specifically 
for the research, which would not be required in the case of ordinary 
treatment? 
  
n Will participants be fingerprinted or DNA "fingerprinted"? 
 
  
o. Are the participants in any sort of dependent relationship with the 
investigator/s? 
 
  
p Are participants asked to disclose information that may leave them 
feeling vulnerable or embarrassed? 
  
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q Are there in your opinion any other ethical issues involved in the 
research? 
 
  
 
Where you have answered Yes to any of the questions on the checklist, please give details and state what 
action you intend to take to ensure that no difficulties arise for your participants. 
 
 
 
For all except items a and b, details must be included in the plain language statement. 
 
c, Photos may be taken in order to illustrate the experimental protocol for thesis and publication 
purposes. The face of the participant will be blacked out.  
 
d, We will use electrical stimuli to stimulate the tibial nerve which is located behind the knee to 
evoke Hoffman(H-) reflex by means of Digitimer constant current stimulator model DS7A. The 
intensity is predicted less than 40mA and the duration of each stimulus will be less than 10ms. 
Moreover, we will apply a vibrator stimulus to dorsal region of the neck at frequency of 80Hz. 
k, As above, the electrical stimuli and vibration will give participants an unpleasant feeling. After 
vibration, some participants might feel mild dizziness. The number of electrical stimulus to the TS 
and contraction of neck and TS muscles might induce muscle tiredness. 
o, Associate Professor Barbara Polus and Dr. Amanda Kimpton are lecturers at RMIT University 
and will not be involved in the recruitment process as it is likely that some of the participants may 
be from the student body at RMIT. 
 
q, The examiner should keep any information secret even if the subject was an associate of the 
examiner. Participant confidentiality will be maintained as all participants will be given a code and 
any identifying information removed from data records. 
 
 
 
Section E: Informed consent 
 
E1. Attach to the application your plain language statement & consent form. 
 
Please see the attachment. 
 
E2. Dissemination of results 
 
The results will be presented in the thesis, presentation in University or in public. 
 
E3. Participants under 18 years 
 
No 
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E4 Persons subject to the Guardianship Act (Vic) (If applicable)  
 
No 
 
 
Section F: Research Involving Collection, Use or Disclosure of Information 
We wish to acknowledge permission from the Department of Human Services, Vic on whose Common Application Form the questions in this section have been 
based.   
Please note that if you propose to collect information about an individual from a source other than the individual, or to use or 
disclose information without the consent of the individual whose information it is, you will also have to complete the Special 
Privacy Module (Form No 5 – see also the related explanatory document, Special Privacy Module) in addition to questions below.   
Under statutory guidelines a HREC may approve some research where the public interest outweighs considerations of privacy, 
however a researcher must make a special case for such approval.  The Special Privacy Module is the starting point for preparing 
such a case.   
For a more detailed guidance and definitions for each of the question below, see Notes to assist in completing HREC 
Form 1, Section F.   
F1 Does this Section have to be completed? 
Does the project involve the collection, use or disclosure of personal information (includes names & contact 
details), health information including genetic information, or sensitive information,? (see Notes to assist in 
completing the form, Section F) 
  No – you do not have to answer any questions in this section. Go to Section G. 
  Yes – you must answer questions in this section. Go to Question F2. 
F2 Type of Activity Proposed 
Are you seeking approval from this HREC for: 
 (a) collection of information? 
   Yes – start at Question F3 
   No – start at Question F4 
 (b) use of information? 
    Yes– start at Question F4  No 
 (c) disclosure of information to some other party? 
    Yes– start at Question F4  No 
F3 Collection of Information  
(a) Does the project involve collection of information directly from individuals about themselves?  
 No – (If collected from a third party/existing records) You must fill out the Special Privacy 
Form (Form 5) as well as this form. 
 Yes – answer the following questions: 
 
(b) What type of information will be collected? (Tick as many as apply) 
   personal information 
   sensitive information 
   health information 
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(c) Does the plain language statement explain the following: 
The identity of the organisation collecting the information and how to 
contact it? 
 
Yes    No  
The purposes for which the information is being collected? Yes    No  
The period for which the records relating to the participant will be kept? Yes    No  
The steps taken to ensure confidentiality and secure storage of data? 
 
Yes    No  
 
How privacy will be protected in any publication of the information? Yes    No  
The fact that the individual may access that information? Yes    No  
 
Any law that requires the particular information to be collected/disclosed?  
(eg notifiable diseases or mandatory reporting obligations re child abuse) 
Yes    No  
Not Applicable  
The consequences (if any) for the individual if all or part of the information 
is not provided?  (eg any additional risks if a participant does not fully 
disclose his/her medical history) 
Yes    No  
Not Applicable  
 
If you answered “No” to any of these questions, give the reasons why this information has not been included 
in the plain language statement. 
 
F4 Use or Disclosure of Information about Individuals  
(a) Does the project involve the use or disclosure of identified or potentially identifiable information?  
 No – go to Question F5. 
 Yes, answer the following questions. 
 
(b) Does the project involve use or disclosure of information without the consent of the individual whose 
information it is? 
 No - go to Question F5. 
 Yes, You must fill out the Special Privacy Form, as well as this form.   
Projects involving the access, use or disclosure of information, without the consent of the person whose 
information it is, are classified as risk level 3 and must be reviewed by the RMIT Human Research Ethics 
Committee.    
 
F5 General Issues 
(a) How many records will be collected, used or disclosed? Specify the information that will be  
collected, used or disclosed (e.g. date of birth, medical history, number of convictions, etc). 
 
Up to 50 records will be collected. 
Some subjects may participate in more than 1 experiment.   
The information including age, height, weight, gender and medical history will be collected. 
 
(b) For what period of time will the information be retained? How will the information be disposed of at 
the end of this period? 
 
They will be retained for 5 years. After that they will be disposed. 
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(c) Describe the security arrangements for storage of the information. Where will the information be 
stored? Who will have access to the information? 
 
The data will be stored in the Clinical Neuroscience Research Lab (RMIT Bundoora west 
campus 201.2.08) and the hard disk on the RMIT network system which is secured by 
student account and password.  
Only my supervisors Associate professor Barbara Polus, Dr. Amanda Kimpton have access 
to identifiable data. 
(d) How will the privacy of individuals be respected in any publication arising from this project? 
All information about individual will be coded.  
(e) Does the project involve trans-border (i.e. interstate or overseas) data flow? 
   Yes  No 
 If Yes, give details of how this will be carried out in accordance with relevant Privacy Principles (e.g. 
HPP 9, VIPP 9 or NPP 9). 
(f) Does the project involve using unique identifiers assigned to individuals by other agencies or 
organisations? 
   Yes  No 
 If yes, give details of how this will be carried out in accordance with relevant Privacy Principles (e.g. 
HPP 7, VIPP 7 or NPP 7). 
F6 Adverse Events – re Data Security 
Are procedures in place to manage, monitor and report adverse and/or unforeseen events relating to the 
collection, use or disclosure of information? 
   Yes  No 
Give details. 
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The data will be stored in the Clinical Neurophysiology Research office which is locked 
(RMIT Bundoora west campus 201.02.08) and the hard disk on the RMIT network system 
which is secured by a student account and password. The information will be coded and the 
code maintained a locked filing cabinet. 
The data will be transferred to an electrical database stored on the server and unique 
identifiers will be used to code individual participant. All information that is coded will be 
stored in a locked filing cabinet 201. 02. 08. Any breach in security of this information will be 
reported to the individual and the HREC. 
 
F7 Other Ethical Issues Relating to Privacy 
Discuss any other ethical issues relevant to the collection, use or disclosure of information proposed in this 
project. Explain how these issues have been addressed. 
No 
 
 
 
 
Section G:  Other issues 
 
G1. Do you propose to pay participants?  If so, how much and for what purpose? 
 
No. 
 
G2. Where will the project be conducted? 
 
The laboratory in RMIT University Bundoora West campus 
 
G3. Is this project being submitted to another Human Research Ethics Committee, or has it 
been previously submitted to a Human Research Ethics Committee? 
 
No. 
 
G4. Are there any other issues of relevance? 
 
No. 
 
If you answered “No” to question F1, please answer G5 and G6:   
(Applicants who have completed all of section F will already have answered questions). 
 
G5. For what period of time will the research data be retained? How will the information be disposed of at 
the end of this period? 
G6. Describe the security arrangements for storage of the information. Where will the information be 
stored? Who will have access to the information? 
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 For any further detail about completion of the application form, or for additional information, please contact the Secretary of your 
Portfolio HRE Sub Committee, or the Executive Officer of the RMIT Human Research Ethics Committee, c/- Research & Innovation, (03) 
9925 2251. 
 
 
 
 
Please check that the plain language statement, consent form and other documents as applicable (eg. 
evidence of required external approvals, recruitment advertisement, questionnaire and/or list of questions, 
clinical trial protocol) are attached to your application. 
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Appendix 10  
Application for Ethics Approval 
Used for a study outlined in Chapter 8 
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Application for Ethics Approval of a Project Involving Human Participants 
 
 
No handwritten applications can be accepted.  This form is available from: http://www.rmit.edu.au/rd/hrec 
Section A: Approvals and Declarations   Project No: 
 
 
Project Title:  
The influence of neck muscle spindles in control of limb motoneuron excitability 
 
 
Research Degree 
 
Staff Research Project 
 
Complete this column if you are undertaking 
research for a research degree at RMIT or 
another university (Masters by Research/PhD) 
Complete this column if your research is not 
for any degree. 
Investigator Principal investigator 
Name: 
Hiroshi Sasaki 
(family name to be underlined) 
Name: 
 
Student No:  
2005976J 
Qualifications: 
Qualifications 
B.C.Sc, B.App.Sc, RMIT University Chiropractic 
Unit Japan (Japan) 
School: 
 
School: 
Division of Chiropractic 
School of Health Science 
Phone: 
 
Address: 
PO Box 71 Plenty Rd Bundoora 3083, VIC, 
Australia 
Email: 
Phone: 
9925 6668, 0433671533 
 
 
Email   
s2005976@student.rmit.edu.au 
 
 
Degree for which Research is being undertaken: 
Doctor of Philosophy 
 
Senior Supervisor Secondary Supervisor 
Name: 
Associate Professor Barbara Polus 
Name/s: 
 
Qualifications: 
BappSc(Chiropractic), MSc, PhD 
Qualifications: 
 
School: 
Division of Chiropractic 
School of Health Science 
School: 
 
Phone: +(61 3) 9925 7714 
Email: barbara.polus@rmit.edu.au 
Phone:  
Email:  
 
Add additional rows as required for additional co-investigators. 
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Declaration by the Investigator/s: 
I/We have read the current NH&MRC National Statement on Ethical Conduct in Research Involving Humans 
1999, and accept responsibility for the conduct of the research detailed in this application in accordance with 
the principles contained in the National Statement and any other conditions laid down by the RMIT Human 
Research Ethics Committee. 
Name: 
 
 Date:  
(Signature of Principal Investigator) 
 
 
Name: 
 
 Date:  
(Signature of senior supervisor if applicable) 
 
Name: 
 
 Date:  
(Signature of second supervisor if applicable) 
 
Declaration by the Head of School: 
 
The project set out in the attached application, including the adequacy of its research design and compliance 
with recognised ethical standards, has the approval of the School. I certify that I am prepared to have this 
project undertaken in my School/Centre/Unit. 
 
 
Name:  
 
Date:  
(Signature of Head of School or approved delegate) 
 
School/Centre: 
 
 Extn:  
 
Please set out the details of your proposed project according to the headings given below    
 
Investigators are advised to include with their application sufficient detail about the project (including discussion of the 
expected benefits relative to the risk to participants), recruitment method and procedures for obtaining informed consent, 
to enable the Committee to evaluate the proposal for conformity with the principles set out in the NHMRC National 
Statement.   
 
Refer to Notes to assist in completing the HREC Form 1 for further details on completing these Sections. 
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Section B: Project particulars 
 
B1. Title of Project:  
 
The influence of neck muscle spindles in control of limb motoneuron excitability. 
 
B2. Project description: for HREC assessment of ethical issues. (Research aim/s, Background, 
Research Method, End points, Statistical aspects) 
 
Research aim and Back ground 
The main aim of this study is to investigate how sensory signals from neck muscle spindles 
interact with vestibulospinal reflexes expressed in lower limbs when the vestibular apparatus 
receives different information from a gravitational stimulus. 
Body balance is maintained by the central nervous system (CNS) which receives sensory 
information such as vestibular, visual and somatosensory inputs, and this information forms 
the basis of reflex responses which form part of the body balance control systems. These 
body balance control systems modify the tone of antigravity muscles through adjusting 
motor (multiple muscles) outputs. Among the somatosensory signals contributing to these 
inputs, are neck somatosensory inputs that are recently attracting attention.  
The clinical literature suggests that changes in neck sensory inputs such as an increased level 
of activity in fibres mediating pain into the CNS may be associated with disturbances in 
postural stability. For instance, patients with whiplash who also experience neck pain can 
also experience difficulties with balance (Branstrom et al., 2001, Mallinson et al., 1996). 
Furthermore, McPartland et al. showed that patients with chronic neck pain had poorer 
balance control than asymptomatic subjects (McPartland et al., 1997).  Another recent study 
showed that, at least in the cat, muscle spindles’ (special sensory receptors located in muscle 
that signal changes in muscle length) firing rate is increased when a pain-producing 
chemical substance such as bradykinin is injected into neck spinal joints (Thunberg et al., 
2001, Pedersen et al., 1997). The significance of this finding is that when the firing rate of 
muscle spindles is increased, the central nervous system receives a signal that the muscle is 
stretched – when in reality muscle length would not have changed. Injection of this pain 
substance was assumed to simulate a neck injury.  The results of this study suggested that 
injury to neck joints may be capable of altering neck muscle spindle inputs into the CNS. A 
high frequency vibratory stimulus is widely used to investigate the influence of neck 
afferents in the control of posture and locomotion. When a vibratory stimulus is applied to 
skeletal muscle it increases the firing rate of muscle spindles. Recent studies found increases 
in postural sway in standing subjects or errors in walking trajectory in subjects when the 
sensory signals from neck muscle spindles abnormally increased by applying a vibratory 
327 
stimulus to their neck muscles (Schmid and Schieppati, 2005, Bove et al., 2002, Bove et al., 
2006). These studies suggest that there are some interactions between neck muscle spindles 
and postural control. 
 
There is also evidence demonstrating that a distortion of neck sensory inputs such as occurs 
when a vibratory stimulus is applied to the neck- which can alter the firing rate of neck 
muscle spindles, causes a disturbance in the amount of muscle activation of lower limb 
muscles that contract to support the upright posture (Rossi et al., 1985, Andersson and 
Magnusson, 2002) 
These studies support the proposal that muscle spindles in neck muscles have an important 
role in postural control regulation. Therefore, muscle spindles might mediate the relationship 
between mechanical disturbances of the neck and disturbances in maintenance of posture.  
 
We have previously investigated whether neck muscle afferents have an effect on 
motoneuron excitability as assessed by lower spinal reflex excitability in the relaxed human. 
We mainly employed neck muscle vibration to alter the neck muscle spindles’ discharge, 
and then measured triceps surae (TS) motoneuron excitability using the Hoffman reflex (H 
reflex) and tendon jerk.  The results of these studies indicated that the neck vibratory 
stimulus has some effect on the reflex excitability of TS. Also this result indicated that the 
mechanism of this excitation was not due to fusimotor activation since the amplitude of the 
tendon jerk when the muscles were conditioned to leave muscle spindles in a desensitised 
state did not significantly increase from control values. We also observed different 
behaviours of the H reflex and the tendon jerk when the neck vibratory stimulus was 
applied; however, the mechanism of this difference still remains unclear.  
In this study, we will employ a muscle conditioning technique that alters the mechanical 
sensitivity of the muscle spindles of the back of the neck to alter the quantity of sensory inputs 
to the CNS from the dorsal neck muscles (see methods section for a detailed description of the 
technique) immediately prior to eliciting a lower limb tendon jerk or H reflex to investigate 
the excitability of lower limb motoneurons. Our interest in this study is the behaviour of 
neck muscle afferents combined with vestibular inputs on the excitability of antigravity 
muscles such as TS. Therefore, we will combine a systematic change in neck muscle inputs 
with a gravitational challenge as the intervention to investigate lower limb reflex excitability. 
To change the gravitational inputs to the vestibular apparatus, we will employ a tilting bench 
that can slowly be tilted up from the horizontal to the near vertical position. The tilt degrees 
we propose to use include horizontal, 30, 60 degrees and near vertical.  We will also test the 
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possibility that the neck muscle spindle afferents activate fusimotor drive innervating the TS 
muscles using the TS muscle conditioning technique as described below. 
Our hypothesis is that neck muscle afferent input interacts with vestibular inputs to influence 
lower motoneuron excitability depending on changes of body position relative to gravity. 
 
Research method 
To examine the above hypothesis, the study will use a 3 way repeated measures design with 
the factors being the conditioning state of neck muscles (hold short or hold long), degree of 
head-up-tilt (graded tilt or no tilt) and conditioning state of TS muscle (hold long or hold 
short).  
For the conditioning of neck muscles, we will apply a muscle conditioning technique to 
systematically alter the mechanical sensitivity of muscle spindles. By using this technique, 
we will be able to leave muscle spindles that are either in a sensitive or insensitive state. The 
degree of head up tilt will be horizontal, 30, 60 degrees and near vertical position. The 
conditioning of the TS muscles will be conducted in the same way as for the neck muscles – 
that is, that the muscle spindles of the TS muscles are conditioned to leave the muscle 
spindles in either the sensitive or the insensitive state.  
 
Preparation 
Prior to the commencement of the experiments, the range of motion of the neck and 
vertebro-basilar tests will be conducted to determine whether there are any contraindications 
to the participant partaking in the experiments. Range of motion will screen for any 
problems of the neck, in particular, muscle and joint. If the participant expresses any pain or 
discomfort or significant limitation of movement during testing he/she will be excluded 
from this study. The vertebrobasilar insufficiency test is used to test the integrity of arteries 
that course through the vertebrae of the neck to supply the back of the brain. The 
vertebrobasilar test to be utilised in this study is Maignes test. The examiner passively 
places the participant’s head into extension and rotation. This position is held for 30 seconds 
on each side. A positive test is if the participant expresses any symptoms such as dizziness, 
nausea, blurred vision, or eye nystagmus. A positive result will exclude the participant from 
this study.  
 
Setting 
Participants will be asked to lie down on a hydraulic recliner bench which can be tilted up to 
almost vertical. The head rest of the bench can be rotated around a sagittal axis so that the 
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participants’ head – neck can be moved into the head – neck bent forward position (head-
neck flexion) and head-neck bent backwards position (extension). 
The right limb will be supported by a foot plate and foam wedge will be positioned under 
the subjects’ thigh and knee. Their foot will then be strapped gently to the foot plate by 
velcro tape to prevent any displacement of their foot that might result from the muscle 
contraction induced by the H reflex and tendon jerk. The subjects’ body will be also gently 
strapped using velcro tape to prevent them from slipping down the bench during the head up 
tilt procedure. A blindfold will be positioned over their eyes to remove visual inputs.  
   
Muscle Conditioning 
The aim of our study is to examine whether a change in sensory input from neck muscles 
(neck muscle spindle afferent input) is capable of modulating the excitability of 
vestibulospinal pathways that influences lower limb motor nerves and therefore the extent of 
contraction of lower limb muscles that are used to support the upright posture against the 
force of gravity. We intend to systematically alter the amount of neck muscle spindle 
afferent input into the CNS by using a muscle conditioning technique originally developed 
by Gregory et al.(Gregory et al., 1988) (Gregory et al., 1986) The muscle conditioning 
technique will be applied to the dorsal neck muscles while the head is held at different body 
angles with the body maintained in a supine (face-up) position. The different start and end 
points of head rotation constitute the different experiments of this project.  
Following is the muscle conditioning procedure in this experiment. 
First of all the participants head will be passively moved in the direction of flexion or 
extension by moving the head piece of the bench. After that, the subject will be asked to 
contract their dorsal neck muscles at an intensity of approximately 10% of their maximal 
voluntary contraction (MVC) for 3 seconds. This contraction will be performed by asking 
the subject to push their head into the head piece of the bench as if they are looking 
backwards over the head to the wall behind them.  
At the completion of the contraction period the participant will be asked to remain as relaxed 
as possible for 5 seconds. After this resting period, the participants’ head will be passively 
and gently brought back to the neutral (horizontal) position. The participant will be asked to 
keep their dorsal neck muscles relaxed during this phase. 
 
By this means, we can alter the information received by the CNS about muscle length which 
will be different to the actual neck muscle length; i.e. we are able to create an illusion of 
neck flexion or extension in a specific direction when there actually has been no or a 
different degree of neck sagittal tilt. Muscle activity of the neck muscles will be monitored 
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on-line using surface electromyography (SEMG) to ensure that the neck muscles remain 
relaxed as required. The SEMG signal will be used as a visual training aid during the 
training period to help subjects learn to contract and relax their neck muscles as required.  
The same procedure will be applied to right TS muscles (refer Conditioning of Leg below 
for detail). 
 
Subjects will attend a training session before the actual experiment in order to learn how to 
contract their dorsal neck muscles. 
 
Conditioning of Leg 
It is imperative that the condition of the TS is kept constant during all experiments. In order 
to achieve this, the TS will be conditioned in the same manner as the neck muscles. The 
length and activation history for the TS muscles contributes to the amplitude of H 
reflex(Gregory et al., 1991); therefore muscle conditioning will be used to maintain TS 
muscle spindles in a defined state –with their muscle spindles insensitive or sensitive as 
stated above.  
 
First the right foot is positioned on a footplate with right ankle joint at 90 degrees position 
(neutral position), which is secured by velcro band to the footplate. In this way the foot and 
ankle can be maintained at a defined angle.    
Muscle conditioning of the TS muscles in conducted in the following way. First the 
footplate is rotated to either flexion or extension position. During this procedure, the 
participant is asked to keep their leg muscles relaxed. Then the participant will be asked to 
contract their TS muscles for approximately 3 seconds as if they are standing on their toes. 
After the contraction the subjects will be asked to relax their calf muscles for the rest of the 
trial. After 5 seconds of the completion of the contraction, the footplate will be passively 
returned to the midline (test) position where the reflex (either tendon jerk or H reflex) is 
elicited.  
After these muscle conditioning procedures, the body will be tilted to the defined degrees 
(see ‘Body tilt’ section) 
 
Body tilt 
In this series of experiments, we will use head-up-tilt of the whole body by means of an 
electrically-driven hydraulic recliner bench. This bench is essentially designed for 
chiropractic treatment purposes and is able to slowly tilt a person’s body from the horizontal 
plane to the near vertical plane, and vice versa. The bench will be tilted from horizontal to 
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30, 60 degrees and the near vertical position during different trials. The test stimulus will be 
given to the subjects at those degrees. A velcro band will be fastened around the hips and 
chest of the subject to prevent the subject slipping down the bench during tilt. During tilting 
the subjects will be asked to remain relaxed. The rate of tilt is quite slow so it will be easy 
for the participant to adjust to the change in angle of the body during tilt. Also, the subject 
will be gently strapped to the bench to prevent them from moving 
The Hoffman reflex (H reflex) or tendon jerk will be recorded from the right triceps surae 
muscles immediately after completion of the body tilt.  
 
H reflex   
To measure the excitability of the lower limb motoneurons, we will elicit the Hoffman (H) 
reflex. In order to elicit this reflex, a constant current electrical stimulus is delivered 
percutaneously to the tibial nerve. The electrical stimulus preferentially excites spindle 
afferent fibres of the triceps surae (TS) muscles. Excitation of these fibres in turn induces a 
reflex contraction of the TS muscles. The size of the reflex contraction, recorded by 
measuring the electrical activity of the TS muscles using surface electromyography gives a 
measure of the degree of TS motoneuron excitability. When conditions both within the TS 
muscle and of the CNS are relatively constant, the size of the reflex contraction should also 
remain constant. In this way, we will be able to determine whether a change in neck muscle 
spindle input is capable of altering lower limb motoneuron excitability. The electrical 
stimulus will be delivered to the tibial nerve using a Digitimer constant current stimulator 
(model DS7A). This stimulator is approved for use with humans. The electrical stimulus 
will be delivered to the right tibial nerve percutaneously. A cathode electrode (BLUE 
SENSOR electrode DK-3650φlstykke, Ambu, Denmark) will be placed in the right popliteal 
fossa, and a copper plate electrode sized 5x9.5cm will be used as the anode. This will be 
positioned over the right anterior thigh above the patella (knee cap) by means of adhesive 
tape. Aqueous gel (Aquasonic100 Ultrasound Transmission Gel, PERKER 
LABORATORIES, INC. U.S.A.) applied to the skin under the copper plate is used to ensure 
an aqueous interface between the electrode and skin. The electrical activity of the TS 
muscles will be measured using surface electromyography (SEMG). In order to record the 
SEMG of the TS, the skin will be cleaned to remove oil and dirt using a swab soaked in 
70% alcohol. Skin electrodes will be attached over the muscle belly of the right TS and a 
copper plate will be attached to the muscle belly of TS (above the 2 recording electrodes) 
which acts as the earth electrode. The H reflex recorded by the SEMG consists of two waves, 
called the H reflex and the M wave. The H reflex represents the reflex muscle contraction 
that occurs in response to excitation of the spindle afferent nerves by the constant current 
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electrical stimulus. The M wave is the electrical activity associated with the muscle 
contraction that occurs because the electrical stimulus also directly activates motor nerves 
that travel directly to the muscle. So the M wave is seen first, and the H reflex (wave) occurs 
some 30 milliseconds later.  At very low stimulus intensities, only the H reflex is seen. As 
the stimulus intensity is increased, the M wave is seen and continues to grow as stimulus 
intensity is progressively increased. The H reflex also rises, but it declines progressively as 
stimulus intensity is increased. The change in size of the H reflex follows a bell curve shape. 
This characteristic change in size of the H reflex and M wave needs to be determined for 
each participant. Therefore so called “stimulus growth” curves need to be constructed for 
each participant. In this way we are able to adjust the intensity of the electrical stimulus to 
elicit 15-40% of H-max wave (Kennedy and Inglis, 2001, Traccis et al., 1987)At this 
stimulus intensity, the M wave should also be present. It is essential that the M wave is 
always observed because this is an indicator that stimulus conditions remain constant for 
each trial of the experiment. The stimulus intensity will be sometimes adjusted between 
trials so that we can observe a constant M wave (Kennedy and Inglis, 2001).Any change in 
H reflex size can then be attributed to the change in neck spindle afferent inputs.  
 
Tendon Jerk 
To assess motoneuron excitability and muscle spindle sensitivity, we also use the tendon 
jerk. This technique has been used in both clinical practice and research to evaluate 
muscular reflexes (Zhang et al., 1999). To evoke this reflex, we use a spring-loaded, 
counterbalanced hammer to lightly tap the subjects’ tendon. The use of such a hammer 
allows us to ensure that the intensity of the tap delivered to the ankle tendon remains 
constant throughout the experiment. The intensity of tapping can be adjusted so that it can 
evoke a reflex of sufficient size without causing any discomfort to the subject. During this 
protocol, the reflex muscle contraction will be recorded by SEMG. 
 
End points, Statistical aspects 
The end point of this study is measurement of the amplitude of H reflex and the tendon jerk 
after both the muscle conditioning to the neck and leg, and head up whole body tilt. This 
study will use a 3 way repeated measure design with the factors being the conditioning state 
of neck muscles (hold short or hold long), degree of head-up-tilt (graded tilt or no tilt) and 
conditioning state of TS muscle (hold long or hold short). Bonferroni correction will be used 
for the multiple comparisons if any significance appeared. 
 
 
333 
Equipment & Preparation 
1. Participant will be asked to complete the consent form and the questionnaire (see 
appendix Questionnaire). 
2. Range of motion of the participant’s neck will be performed including flexion, 
extension, lateral flexion and rotation.   
4. Vertebrobasilar test – Maignes test will be conducted.   
5.  Participant lies on the tilting bench 
6.  Prepare skin (neck, calf and around knee) with 70% alcohol 
7.  Attach recording and stimulating electrodes (neck, calf and around knee) 
8. Participants’ body will be strapped to the bench using Velcro tape. 
8.  Turn on stimulator 
9. Condition the TS muscles 
10.  Construct H reflex curve (stimulus-growth curve) 
11.  Estimate 40% of intensity of stimulus which evokes the H-max   
 
 
Experiment Procedure 
Rest 5minutes 
 
Positive control Experiment  
-Rest 5minutes 
-Head up tilt (horizontal, 30, 60 degrees and near vertical) 
-Evoke H reflex / tendon jerk 
 
Experiment 
-Muscle conditioning of TS muscle (hold long or hold short) 
-Muscle conditioning of dorsal neck muscles (hold long or hold short)  
-Head up tilt (horizontal, 30, 60 degrees and near vertical) 
-Evoke H reflex / tendon jerk 
 
Repeat each trial 5 times. These different combinations of factors will be randomized to 
avoid a systematic change in the excitability of the H reflex and the tendon jerk. 
 
 
B3. Proposed commencement of project 
 
After HREC approval  
 
B4. Proposed duration of project; proposed finish date. 
 
Duration: 24 months 
Finish Date: March 2010 
 
B5. Source of funding (internal and/or external) 
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Internal 
 
B6. Project grant title; proposed duration of grant (where applicable) 
 
N/A 
 
 
 
 
 
 
 
Section C: Details of participants 
 
C1. Number, type, age range, any special characteristics of participants and 
inclusion/exclusion criteria. 
 
Number: Total 50 subjects 
Type: Healthy adult human 
Gender: Both 
Age: 18-50 years old 
 
Exclusion:  
-No history of blood coagulation, vascular disorder, thrombotic infarct 
-No history of the injury of neck or foot within the previous 3months 
-No history of neurologic disease including central nervous system disorder 
-No history of ear disease 
-No history of muscle disorders   
-No history of the vestibular disorders such as vertigo 
-No pain or tenderness of the neck muscles and TS muscles 
-No history of diabetes mellitus 
-No electrophobia, algophobia and merinthophobia  
-No pacemaker implant 
-No other electrical or metallic implant  
-No skin irritation or no tendency of skin irritation (including allergy for the tape)  
Participants will be required to 
-Not sleep during experiment. 
-Notify the examiner if they feel uncomfortable during the experiment. 
-Keep relaxed state unless advised. 
-Contract the appropriate muscles as instructed. 
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C2. Source of participants (attach written permission where appropriate) 
 
Students and staff of RMIT University 
They will be reimbursed for their time and travel to the laboratory up to $20. 
 
C3. Means by which participants are to be recruited 
 
Advertisements placed around the University campus and RMIT English Worldwide (ELS) 
campus. (Please see advertisement in appendix ‘Advertisement_PhD’). 
Recruiting students by presenting in classes. The presentation will be less than 5 minutes. 
(Please see manuscript for the presentation in appendix ‘Presentation for recruitment’) 
Lecturers will first be asked whether they are willing for this to occur. 
 
 
Please see attached documents. 
 
C4. Are any of the participants "vulnerable" or in a dependent relationship with any of the 
investigators, particularly those involved in recruiting for or conducting the project? 
 
Yes, because Associate Professor Barbara Polus is a lecturer of some potential participants. 
Therefore, she will not be involved in the recruitment process. 
 
C5 Are you seeking to recruit Aboriginal and Torres Straits Islanders to this investigation? 
 
No. 
 
C6 If “Yes”, have you taken account of the requirements in NH&MRC, Values and Ethics - Guidelines for 
Ethical Conduct in Aboriginal and Torres Strait Islander Health Research, June 2003, when 
designing your research?  Describe how: 
 
N/A 
 
C7 If you specifically intend to recruit children as participants, have the relevant members of the research team 
completed a Working with Children Check? If yes, please attach a photocopy of each Working with Children 
Check card. If no, please explain why a Working with Children Check is not required. For further information on 
the Working with Children Check please refer to Victorian Department of Justice website. 
 
N/A 
 
Section D: Risk classification and estimation of potential risk to participants 
 
D1. Please identify the risk classification for your project by assessing the level of risk to 
participants or (if any) to the researcher. 
 
Level 3 
 
D2. If you believe the project should be classified level 2 or level 1 please explain why you 
believe there are minimal risks to the participants. 
 
 
OR  
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If you believe the project is classified level 3 please identify all potential risks to participants 
associated with the proposed research.  Please explain how you intend to protect participants 
against or minimize these risks. 
 
 
H reflex: 
In all experiments, we will use an electrical stimulus to evoke the H reflex. This stimulus is 
delivered percutaneously to the tibial nerve. The electrical stimulus preferentially excites 
spindle afferent fibres of the TS muscles. 
The participant will feel the electrical stimulus but it should not cause pain. This electrical 
stimulus does not excite those nerve fibres that carry pain as the pain fibres are very small 
and are not sensitive to this type of electrical stimulus. The pulse will not affect any other 
body tissues and may be so small that the participant does not feel the reflex contraction of 
the muscle. The electrical stimuli will evoke muscle activity and there is a possibility that 
the participant might feel muscle tiredness after a number of stimuli. To minimize this, the 
maximum number of electrical stimuli for each experiment will be 60 and the duration of 
each stimulus will be set at 1 millisecond. Also the intensity of the stimulus will be adjusted 
about 1 to 80mA.  If any muscle cramps occur during or after the experiment the procedure 
will be stopped and the participant’s muscle cramp will be managed using accepted clinical 
procedures. All of the investigators are chiropractors and appropriate follow-up for the 
muscle cramps will be recommended. 
The electric stimulator is connected to the main power outlet via a core leakage detector to 
counter any variation in the mains electricity supply.  
 
Muscle conditioning: 
Prior to delivery of the electrical stimulus the participant will be instructed to contract 
his/her TS muscles and neck muscles as part of the muscle conditioning protocol.. A number 
of muscle contractions for the muscle conditioning might induce fatigue of the TS and neck 
muscles. To minimize this we will set the number of muscle conditioning sequences at a 
maximum of 60 times for each experiment. The intensity of the contraction should be 
controlled to be about 10% of maximal voluntary contraction. Furthermore we will exclude 
any participant who has pain or problems in the neck or leg using the questionnaire and as 
previously described further tests such as range of motion and vertebrobasilar tests.  
If any muscle cramps occur during the experiment it will be stopped immediately and the 
participant’s muscle cramp managed using accepted clinical procedures. Appropriate 
follow-up for the muscle cramps will be recommended. The participant will be checked 
within 24 hours and treatment or referral offered by Associate Professor Barbara Polus who 
is registered chiropractic practitioner within the state of Victoria if necessary.  
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Neck Tilt: 
If the participant has a structural problem of his/her neck or problems with vascular 
sufficiency, neck extension might induce fainting or dizziness due to compression of the 
neck arteries. To exclude those participants a Maignes test will be conducted. Maignes test 
is applied by the investigator placing the participant’s head into extension and rotation. This 
position is held for 30 seconds on both right and left side. The positive signs are any 
symptoms such as dizziness, nausea, blurred vision, or eye nystagmus. A positive test is if 
the participant expresses any symptoms such as dizziness, nausea, blurred vision, or eye 
nystagmus. A positive result will exclude the participant from this study.  
 
Electrode attachment: 
To minimize the risk of skin rash, we will exclude any participant who has any experience 
of allergy or sensitivity for adhesive tape using the questionnaire. 
 
Tendon jerk: 
This technique usually does not cause any risks as long as the tapping force is appropriate. 
To avoid any bruise, the intensity of the spiring must be tested using investigator’s hand to confirm 
this issue. Also the position of the spring-loaded hammer has to be adjusted so that it can tap on the 
subjects’ tendon. 
 
D3. Please explain how the potential benefits to the participant or contributions to the 
general body   of knowledge outweigh the risks. 
 
Afferents from the neck combine with those from the head and the rest of the body to allow the 
central nervous system (CNS) to determine body position and dynamics in space and respond to 
gravity. In other words, if there is damage to neck structures resulting in aberrant neck sensory 
inputs to the central nervous system, it may lead to a disturbance of information necessary for 
optimum control of posture even if the sensory inputs from head and rest of body are correct. 
This may be expressed as a disturbance in balance or dizziness in patients who suffer from neck 
injury such as whiplash. Actually, in support of this, there are some studies which suggest that 
patients with whiplash who also experience neck pain have imbalance of maintaining posture or 
dizziness.(Branstrom et al., 2001, Mallinson et al., 1996) 
Even though some studies have shown that changes in motoneuron excitability occur with 
respect to simulated neck rotation (Rossi et al., 1987, Traccis et al., 1987), their studies did not 
specify which neck receptors are responsible. We consider neck muscle spindles as important 
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contributors to changing the motoneuron pool excitability of lower limb. Therefore, this study 
will investigate whether neck muscle spindles can affect postural control. 
The understanding of motor control will help the stability of the posture for not only people 
who have postural imbalance but also athletes such as who want to improve their performance 
and motor skills. Hence, this study may have potential for clinical applications relative to the 
role of the neck in the control and regulation of posture. And if we can improve stabilization of 
the posture, it will contribute to the prevention of falling, economization of medical costs for 
injury which results from falling, and improvement of quality of life for people who have 
postural imbalance. 
 
D4. Contingency planning: first aid / debriefing 
 
Any feeling of pain and uncomfortableness must be notified the examiner immediately. 
Muscle contraction and electrical stimuli of TS might induce cramp of the muscles. If this 
occurred, the procedure will be paused once and the subject will be rested until the pain 
released and contraction relaxed. All of the investigators are chiropractors, and we will 
suggest appropriate follow-up for the muscle cramps. 
In cases of serious problems the experiment will be terminated and the examiner will notify 
the HREC in writing. The participant will be checked within 24 hours and treatment or 
referral will be offered if necessary by Associate Professor Barbara Polus who is a registered 
chiropractic practitioner within the state of Victoria. 
 
D5 Adverse Events: Are procedures in place to manage, monitor and report adverse and/or 
unforeseen events that may be associated with your research?  Give details:  
 
Caused by Major Events Minor Events 
Electrical Stimulus Electric shock: 
Even though the electrical stimulus 
used is of low current and voltage, a 
sudden power surge might induce 
unforeseen events. To prevent this, the 
electric stimulator must be connected 
to the main power outlet via a core 
leakage detector. However, if an 
electric shock did occur, an 
ambulance will be called immediately 
and the ethics committee and 
supervisors informed of the incident.  
 
 
Muscle discomfort: 
The electrical stimulus travels 
through the tibial nerve and induces 
a contraction of TS involuntarily.  
Therefore, the participant might 
experience muscle fatigue after a 
number of stimuli. Muscle 
contraction and electrical stimuli 
of TS might also induce 
cramping of the muscles. If this 
occurrs, the procedure will be 
paused once and the subject will 
be rested until the pain subsides. 
If the muscle cramp continues the 
experiment will be terminated. 
Muscle Contraction Serious muscle pain: 
If the intensity of muscle contraction 
Muscle discomfort: 
A number of voluntary contractions 
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is too strong, or the muscle has any 
problems subclinically, a serious 
muscle pain associated with muscle 
cramp might be induced. 
To prevent this, we exclude 
participants who have muscle pain or 
any problems during muscle 
contraction using the pre-experimental 
questionnaire. Moreover we will 
control the intensity of the muscle 
contraction in the experiment.  
If a serious muscle pain occurs, the 
procedure will be stopped and the 
subject will be rested until the pain 
subsides. Also the participant will be 
checked within 24 hours and 
treatment or referral offered if 
necessary by Associate Professor 
Barbara Polus who is a registered 
chiropractic practitioner in the state of 
Victoria. 
 
of the neck and leg muscles might 
induce musclefatigue. Muscle 
contraction and electrical stimuli of 
TS might induce cramp of the 
muscles. If this occurs, the 
procedure will be paused once and 
the subject will be rested until the 
pain subsides. 
Neck Flexion/ Extension Vertebral artery compression 
syndrome: 
The examiner will test any vascular 
insufficiency of the vertebral artery by 
using Maignes test. If the participant 
expresses any positive signs with this 
test, he/she will be excluded from this 
study.  
 
Serious neck pain: 
If the participant has any problems of 
neck joints or muscles neck pain this 
may be exacerbated especially by 
neck extension. 
Any participant who has neck pain 
will be excluded from the experiment 
(information obtained from the 
questionnaire). 
Furthermore we will examine the 
function of the neck by observing the 
range of motion of the neck. 
If neck pain occurs during the 
experiment, the procedure will be 
stopped and the subject will be rested 
until the pain subsudes. Also the 
participant will be checked within 24 
hours and treatment or referral offered 
by Associate Professor Barbara Polus 
who is a registered chiropractic 
practitioner within the state of 
Victoria if necessary. 
Neck Pain: 
If the participant has any problems 
of neck joints or muscles neck pain 
this may be exacerbated especially 
by neck extension. To prevent this 
factor, we will examine the function 
of their neck rotation before the 
examination by observing the range 
of motion of the neck. By means of 
this test, we can avoid most 
possibilities that neck pain is 
exacerbated by the neck movements 
employed in this study. 
However, if it happens during the 
experiment, we will stop the 
procedure and the subject will be 
rested until the painsubsides. The 
participant will be checked within 
24 hours and treatment or referral 
offered if necessary by Associate 
Professor Barbara Polus who is 
registered chiropractic practitioner 
within the state of Victoria if 
necessary. How is this different 
from the serious neck pain? Maybe 
just add once? 
Electrode Attachment  Skin rash: 
The adhesive of the electrode, sticky 
tape and transmission gel might 
induce skin rash if the participant is 
sensitive to the adhesive tape and/or 
gel.  
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If the participant has any discomfort 
during the course of the experiment 
then the experiment will cease 
immediately. If the participant does 
develop skin sensitivity the principal 
investigator will monitor the 
condition and if necessary, notify 
the supervisor as well as RMIT 
Human Research Ethics Committee.  
Tendon jerk  Bruise: 
If tapping force is too strong, or 
tapping place is not appropriate, the 
subject might experience bruising. 
If the participant has any discomfort 
during the course of the experiment 
then the experiment will cease 
immediately. If a bruise occurs 
because of the tapping, the principal 
investigator will monitor the 
condition and if necessary, notify 
the supervisor as well as RMIT 
Human Research Ethics Committee.  
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D6. Please complete this checklist by placing Y (Yes) or N (No) and give details of any other 
ethical issues that may be associated with this project.   
 Yes No 
a Is deception to be used?  
   
  
b Does the data collection process involve access to personal or 
sensitive data without the prior consent of participants?  
  
c Will participants have pictures taken of them eg, photographs, video 
recording, radiography?  
  
d Will participants come into contact with any equipment which uses 
an electrical supply in any form eg, audiometer, biofeedback, 
electrical stimulation, etc?  
  
e If interviews are to be conducted will they be tape-recorded? 
 
  
f Do you plan to use an interpreter?   
g Will participants be asked to commit any acts which might diminish 
self-esteem or cause them to experience embarrassment or regret? 
  
h Are any items to be taken internally (orally or intravenously)?    
i Will any treatment be used with potentially unpleasant or harmful 
side effects? 
 
  
j Does the research involve a fertilised human ovum? 
 
  
k Does the research involve any stimuli, tasks, investigations or 
procedures which may be experienced by participants as stressful, 
noxious, aversive or unpleasant during or after the research 
procedures? 
  
l Will the research involve the use of no-treatment or placebo control 
conditions? 
 
  
m Will any samples of body fluid or body tissue be required specifically 
for the research, which would not be required in the case of ordinary 
treatment? 
  
n Will participants be fingerprinted or DNA "fingerprinted"? 
 
  
p. Are the participants in any sort of dependent relationship with the 
investigator/s? 
 
  
p Are participants asked to disclose information that may leave them 
feeling vulnerable or embarrassed? 
  
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q Are there in your opinion any other ethical issues involved in the 
research? 
 
  
 
Where you have answered Yes to any of the questions on the checklist, please give details and state what 
action you intend to take to ensure that no difficulties arise for your participants. 
 
 
 
For all except items a and b, details must be included in the plain language statement. 
 
c, Photos may be taken in order to illustrate the experimental protocol for thesis and publication 
purposes. The face of the participant will be blacked out.  
 
d, We will use electrical stimuli to stimulate the tibial nerve which is located behind the knee to 
evoke Hoffman(H-) reflex by means of Digitimer constant current stimulator model DS7A. The 
intensity is predicted less than 40mA and the duration of each stimulus will be less than 10ms. 
The stimulator is approved for use in Human subjects. 
k, As above, the electrical stimuli may give participants an unpleasant feeling. The number of 
electrical stimuli to the tibial nerve and contraction of neck and TS muscles might induce 
musclefatigue. 
o, Associate Professor Barbara Polus is a lecturer at RMIT University and will not be involved in 
the recruitment process as it is likely that some of the participants may be in her classes. 
 
q,Participant confidentiality will be maintained as all participants will be given a code and any 
identifying information removed from data records. 
 
 
 
Section E: Informed consent 
 
E1. Attach to the application your plain language statement & consent form. 
 
Please see the attachment. 
 
E2. Dissemination of results 
 
The results will be presented in the thesis, presentation in University or in public. 
 
E3. Participants under 18 years 
 
No 
 
E4 Persons subject to the Guardianship Act (Vic) (If applicable)  
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No 
 
 
Section F: Research Involving Collection, Use or Disclosure of Information 
We wish to acknowledge permission from the Department of Human Services, Vic on whose Common Application Form the questions in this section have been 
based.   
Please note that if you propose to collect information about an individual from a source other than the individual, or to use or 
disclose information without the consent of the individual whose information it is, you will also have to complete the Special 
Privacy Module (Form No 5 – see also the related explanatory document, Special Privacy Module) in addition to questions below.   
Under statutory guidelines a HREC may approve some research where the public interest outweighs considerations of privacy, 
however a researcher must make a special case for such approval.  The Special Privacy Module is the starting point for preparing 
such a case.   
For a more detailed guidance and definitions for each of the question below, see Notes to assist in completing HREC 
Form 1, Section F.   
F1 Does this Section have to be completed? 
Does the project involve the collection, use or disclosure of personal information (includes names & contact 
details), health information including genetic information, or sensitive information,? (see Notes to assist in 
completing the form, Section F) 
  No – you do not have to answer any questions in this section. Go to Section G. 
  Yes – you must answer questions in this section. Go to Question F2. 
F2 Type of Activity Proposed 
Are you seeking approval from this HREC for: 
 (a) collection of information? 
   Yes – start at Question F3 
   No – start at Question F4 
 (b) use of information? 
    Yes– start at Question F4  No 
 (c) disclosure of information to some other party? 
    Yes– start at Question F4  No 
F3 Collection of Information  
(a) Does the project involve collection of information directly from individuals about themselves?  
 No – (If collected from a third party/existing records) You must fill out the Special Privacy 
Form (Form 5) as well as this form. 
 Yes – answer the following questions: 
 
(b) What type of information will be collected? (Tick as many as apply) 
   personal information 
   sensitive information 
   health information 
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(c) Does the plain language statement explain the following: 
The identity of the organisation collecting the information and how to 
contact it? 
 
Yes    No  
The purposes for which the information is being collected? Yes    No  
The period for which the records relating to the participant will be kept? Yes    No  
The steps taken to ensure confidentiality and secure storage of data? 
 
Yes    No  
 
How privacy will be protected in any publication of the information? Yes    No  
The fact that the individual may access that information? Yes    No  
 
Any law that requires the particular information to be collected/disclosed?  
(eg notifiable diseases or mandatory reporting obligations re child abuse) 
Yes    No  
Not Applicable  
The consequences (if any) for the individual if all or part of the information 
is not provided?  (eg any additional risks if a participant does not fully 
disclose his/her medical history) 
Yes    No  
Not Applicable  
 
If you answered “No” to any of these questions, give the reasons why this information has not been included 
in the plain language statement. 
 
F4 Use or Disclosure of Information about Individuals  
(a) Does the project involve the use or disclosure of identified or potentially identifiable information?  
 No – go to Question F5. 
 Yes, answer the following questions. 
 
(b) Does the project involve use or disclosure of information without the consent of the individual whose 
information it is? 
 No - go to Question F5. 
 Yes, You must fill out the Special Privacy Form, as well as this form.   
Projects involving the access, use or disclosure of information, without the consent of the person whose 
information it is, are classified as risk level 3 and must be reviewed by the RMIT Human Research Ethics 
Committee.    
 
F5 General Issues 
(a) How many records will be collected, used or disclosed? Specify the information that will be  
collected, used or disclosed (e.g. date of birth, medical history, number of convictions, etc). 
 
Up to 50 records will be collected. 
Some subjects may participate in more than 1 experiment.   
The information including age, height, weight, gender and medical history will be collected. 
 
(b) For what period of time will the information be retained? How will the information be disposed of at 
the end of this period? 
 
They will be retained for 5 years. After that they will be disposed. 
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(d) Describe the security arrangements for storage of the information. Where will the information be 
stored? Who will have access to the information? 
 
The data will be stored in the Clinical Neuroscience Research Lab (RMIT Bundoora west 
campus 201.2.08) and the hard disk on the RMIT network system which is secured by 
student account and password.  
Only my supervisors Associate professor Barbara Polus have access to identifiable data. 
(d) How will the privacy of individuals be respected in any publication arising from this project? 
All information about individual will be coded.  
(e) Does the project involve trans-border (i.e. interstate or overseas) data flow? 
   Yes  No 
 If Yes, give details of how this will be carried out in accordance with relevant Privacy Principles (e.g. 
HPP 9, VIPP 9 or NPP 9). 
(f) Does the project involve using unique identifiers assigned to individuals by other agencies or 
organisations? 
   Yes  No 
 If yes, give details of how this will be carried out in accordance with relevant Privacy Principles (e.g. 
HPP 7, VIPP 7 or NPP 7). 
F6 Adverse Events – re Data Security 
Are procedures in place to manage, monitor and report adverse and/or unforeseen events relating to the 
collection, use or disclosure of information? 
   Yes  No 
Give details. 
The data will be stored in the Clinical Neurophysiology Research office which is locked 
(RMIT Bundoora west campus 201.05.26C) and the hard disk on the RMIT network system 
which is secured by a student account and password. The information will be coded and the 
code maintained a locked filing cabinet. 
The data will be transferred to an electrical database stored on the server and unique 
identifiers will be used to code individual participant. All information that is coded will be 
stored in a locked filing cabinet 201. 05.26C. Any breach in security of this information will 
be reported to the individual and the HREC. 
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F7 Other Ethical Issues Relating to Privacy 
Discuss any other ethical issues relevant to the collection, use or disclosure of information proposed in this 
project. Explain how these issues have been addressed. 
No 
 
 
 
 
Section G:  Other issues 
 
G1. Do you propose to pay participants?  If so, how much and for what purpose? 
 
No. 
 
G2. Where will the project be conducted? 
 
The laboratory in RMIT University Bundoora West campus 
 
G3. Is this project being submitted to another Human Research Ethics Committee, or has it 
been previously submitted to a Human Research Ethics Committee? 
 
No. 
 
G4. Are there any other issues of relevance? 
 
No. 
 
If you answered “No” to question F1, please answer G5 and G6:   
(Applicants who have completed all of section F will already have answered questions). 
 
G5. For what period of time will the research data be retained? How will the information be disposed of at 
the end of this period? 
G6. Describe the security arrangements for storage of the information. Where will the information be 
stored? Who will have access to the information? 
 
 
 For any further detail about completion of the application form, or for additional information, please contact the Secretary of your 
Portfolio HRE Sub Committee, or the Executive Officer of the RMIT Human Research Ethics Committee, c/- Research & Innovation, (03) 
9925 2251. 
 
 
 
 
Please check that the plain language statement, consent form and other documents as applicable (eg. 
evidence of required external approvals, recruitment advertisement, questionnaire and/or list of questions, 
clinical trial protocol) are attached to your application. 
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